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INTRODUCTION. 


Amidst tho flood of opinions and advioe on the 
relations of soiciice to cd.uoation and industrial 
prosperity with whioii have boon delnged. 
during the post two or three yoarH, we may turn 
with wolconic relief to the unombellished rooords 
of work done and of onds aooomplished which the 
authors have here presented for our otdightenment 
and eneonragoinent. The majority among us 
stood much in ncHid of onlightonmont on this 
subjoot, and many of us will fool grateful for the 
oncouragomoTit whioli is to ho derived from those 
records of piist achievement. These records supply 
u oomploto answer to a question with which most 
ohemists liavc harl to deal at ono tiino or another 
during their ourocr : what is the place of the 
chemist in practical life, and what part hns ho 
taken in industrial and social development ? 

The on^ioer ministers to the comfort and 
oonvenieiico of tlio community in vayv wliioh 
con hardly escape tho notice oven of tho man in 
the street. The Forth Bridge, the oooan grey- 
hound, the motor cur and the aoroplano are at 
onoo recognised as the fruits of his skill and enoj^. 
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but for the most part, the work of the ohendst is 
inobvious, and is little, if at all, understood. Bat 
the chemist and his half-brother, the metallnrgist, 
have all the time been bard at work in the baok- 
gronnd, helping to provide the engineer with 
metals and other materials of new and improved 
qualities, without which he could not have produced 
the machines and structures which represent the 
jtciumphs of his art. 

In many other directions chemistry has been 
the handmaid of arts and crafts, whioh make 
their appeal to the public .on far other grounds 
than those of the chemical and other scientific 
help they have laid under contribution. 

But chemistry also has its own triumphs, and 
those who will take the trouble to study this work 
will be rewarded with visions of achievement in 
this field whioh they had not hitherto dreamt of. 

These records ou^t to prove stimulating and 
suggestive to those whose sons and daughters 
hare not yet selected a calling or profession. The 
place of chemistry in the initional fife has been 
far more important than the majority of educated 
people have imagined, and this place bids fair to 
become of vastly ip( ^aeed importance in the near 
future. The special message for parents and 
teachers is, therefore, that trained chemists will, 
in the near future, be in iaoreased demand for 
industrial and official positions. 
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For the responsible teachers of chemistry there 
are other messages also, if they care to seek for 
them; for from these records of achievement 
much may be learned as to the actual needs of 
industry on its scientific side, and as to the types 
of workers who will have to be trained if these 
needs are to be properly met* 

The great body of teachers of sdenoe on the one 
hand, and the stUl greater body of manufacturers 
on the other hand, have been equally at sea as to 
how (a) the results of scientifio discovery, and 
' (b) the young graduates in sdenoe vdio are prepared 
at our universities and colleges, can best be utilised 
in industry. Speaking broadly, the teachers of 
science do not know the needs of industry, either 
in regard to the nature of the problems which 
await solution, or to the kinds of trained experts 
who will be required to take part in the’ more 
highly organised industries of the future. Again, 
speaking broadly, manufaotiLrers and leaders of 
industry are equally at a loss as to the means 
whereby scientific discovery, scientific methods and 
scientifically trained men oan be used most 
effectively in the developm^t of the. industries 
for which they are responsible.. 

Fortunately, there are already lines of communi- 
cation open between these two important bo^es^ 
and the hope for the future is that these lines may 
be broadened out into a common ground on which 
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mutual undei'standing will be reached and where 
practioal sohemes of development will be developed. 

Much can, undoubtedly,, bo done to improve 
the training of chemists for praotical life. It is in 
the laboratory that the foundations of this training 
nrnst be well and truly laid by sound training and 
ample practice iri^inanipulation and methods. Not 
only maiiipulativo skill, but resouroefuluess and the 
power of organising routine work ought to be 
acquired in the labomtory, if the training is on the 
riglit lines. On tlie foundations thus laid, a supeiv 
structure of knowledge of physioal, meohanical, and 
chemioal lawn can bo securely built.. But a 
scicntiilo oquipnient, however sound, is not in 
itself sufSciont ; it is <if equal inqiortance that the 
young oliemlKt throughout lus training should l>o 
thoroughly imlnunl with the spirit and aims pf tho 
8ticci?8s{ul loaders of mdustrj\ Nothing will so 
HUT(.‘ly awukcu in tlie stmUmt an appreciation of 
practical aims as a wisely directed study of the 
achievements of science in iIldust^J^ The present 
work will supply teadiei's of cheniistrj' with 
abundant mnterinl for the ptirposes of this study. 
This study ought not, however, to displace the 
{lai^dlel stutly of the steqw by which clieniioal 
tliwjty hn« Imen evolved by the deep insight and 
the pitient observation and eKporiment of the 
gnrat Icadera ni chemksil sciehoo^ it ought to be 
made clear to the student that, though iu one sense 
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the two aims, the attainment of knowledge for its 
own sake, and its attainment as a means to practical 
ends, are at opposite poles, yet that there is no 
real antagonism between, them, each is com- 
plementary to the other. There arc intellectual 
triumphs to be w’on in the application of science 
os well as in its pursuit for its own sake. 

The deeper, and more prolonged search into the 
phenomena and laws of Mature must, of necessity, 
be left to those who by natural endowment and by 
opportunity can pursue this search apart from 
the distractions of the work-a-day Avorld. The 
workers on the applioations of soienoe may well 
realise their debt to these seekers after knowledge, - 
for the seeds of achievement on the praotioal side 
must, in many cases, be planted and watered under 
their fostering care. 

During the past tliree j^ears tJie soientifio 
devebpments of modem wexfare have been the 
means of bringing the workers in pure and in 
applied science into touch to an extent which 
would have appeared, almost impossible in pre-war 
times. There are encouraging evidences that this 
new co-operation hdFT5eSrj* appreGiiBd;dd" o both 
sides, and tlmt a return to the former condition of 
isolation \rould be regarded as most unfortunate. 

The authors have wisely disclaimed any attempt 
in this work to present tho extraordinary w^lth of 
material at their disposal in auythii^ like , its true 



WHAT INDUSTRY OWES 


xii 

proportions and perspective. The precious stones 
in the necklace have been strung together rather 
with an eye to their collective preservation than 
to their arti^c effect as a whole. Apart from the 
reasons for this, which the authors themselves 
have given, 1 am iaolined to think that for the 
serious purpose they had in view, the method has 
much to commend it, The central object was not 
to pr^nt a pleasing and finished literary work 
which would gently stimulate the imagination of 
the general reader, but to set forth in their bare 
simplioity the broad facts of achievement, leaving 
each case to make its own appeal. 

In conclusion) 1 would express the hope that 
this work will not only be widely read by the 
general public, but that it will be cordially welcomed 
by those who are most deeply concerned in the 
future of British industry. 


Gbobob BmjsT. 
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PREFACE. 


In recent times, and especially during the war, 
a great deal has been writteii and said on the 
benefits dmved from the applications of science 
to ihdustiy ; the subject has been discussed in the 
technical and daily Press, and iii monographs 
devoted to particular industries ; but, for the most 
part, it has been dealt -witli in the abstract or with 
very limited reference to the actual results achieved. 

The contents of tins volume appeared as a 
series of articles published in TAe Enginur during 
the seven months December, 1916, to July, 1917, 
inclusive, under the title of " What Industry Owes 
to Science.” The articles were not intended to 
embrace subjects of common knowledge to the 
engineer, in which the infiuenoe of physical and 
mechanical science would have claimed greater 
attention, but dealt mainly with chemical science. 
Por that reason the title of the work has been 
modified ; the text, however, remains piactioaUy 
the same. 

The object was to take each industry in Imrn, 
and to show by examples how science had^ 
advanced the methods and processes of production. 
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and had laid the foundation for the eErtablishxnent 
of ue\v mahniactures. 

The .-work covers a survey of many important 
industries, presented in such a manner that the 
substance is not altogether out of the depth nor 
beyond the interest of the educated public. We 
hope that it may be especially useful to students of 
chemistry and engineering, as aiSordmg them an 
indication of the vast field open to them in their 
professional careers, work in which it may be 
antloix>ated that there will be increasing activity 
and boundless scope in the near future ; and that 
it wiU find a place in the offices of men of busing 
in many branches of commerce, and of public 
companies conoemed mth pinduotive industries, 
as \^^3ll as in the librorira of Chambers of Oommeroe 
and Trade Assooiations. 

A bibliography is iirovidod, including many 
useful books referred to during the preparation 
of the work. 

The authors desire to express their deep indebted- 
ness to Sir George Beilby for his kindness in 
ooutrlbuting an iiitroduotion, w'hioh they feel has 
.very greatly enhanced the value of the volume. 

R.B.P. 

F, B.-J. 


London, 1917. 
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WHAT INDUSTRY OWES TO 
CHEMICAL SCIENCE. 

Ojlapthb I. 

MINERALS AND METALS. 

Wb liave hoard a good doal lately of our neglect 
of science, particularly of applied science — and we 
are jurepared to admit that this country has boon 
behind other countries in realising the izaportanoe of 
scientifio prinoiples in industry. The fact remaiz^ 
however, that though we have been so remiss, we can- 
not have ignored science entirely, or surely the 
position of our industries — ^thoso t^t are le^ to 
to-day woiild not be what it is. Instead of pursuing 
the subject in the abstract, we propose in a few brief 
chapters to deal with accomplished facts ; to show by 
illustrative examples tlie extraordinary de'^opznents 
directly attributable to soientiflo thou^t and method 
and the benefits derived therefrom by the oommiuuty. 
The whole art of engmeering is bcued on physical 
and n^ohanicol science, and the materials employed 
in this art are dependent, in some degree on the 
soienoe of chemistry. This ootuitzy has never looked 
engineers of the firrt order, and, therefore, if we may 
judge by them works, we must oonolude that their 
soienoe has been as truly f oundod as their structures, 
and their miaterialB must likewise have been suitable : 
for; their purpose, dearly, then, we have not been 
laoidi^ the aid of physioists, znathematioiaas, and, 
ohami^ in the art of ezzgineering and aQ that , the 
term denotes. The materials of oonstraorion cannot 
be used intelligently unl^ the engineer has a proper 
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knowledge of their physical powers of withstandiiag 
stress and strain, as as of their ohemioed proper- 
ties, inoluding. their internal structure and power of 
resistance to air, fire, water, and other agenciaa. 

The subject is so vast and its ramifications so diverse 
that it is difiGicult to deal with it without being drawn 
into the production of a text-book, but we will 
endeavoxxr to ke^ to the principal aim of showing the 
influence of Science in industrial progress. 

Our noethods of utilising soienoe may be wrong, 
and there may be room for great improvement, 
but the impression is gaming ground ihat in the 
habit of decrying ourselves and our doings we have 
overshot the mark. We have used soienoe more 
than we realise, bnt have not talked about it as much 
as some other people. We know, for instance, 
several ShefQedd steel firms who employ thirty to forty 
chemists and are in constant touch with the most 
ezperienoed men of soienice interested in this branch 
of industry. We know cdso that both in the direc- 
torate and in the control of the actual processes 
of manufacture in the works the industry is coming 
more and more under the personal supervision of 
scientifio men, that new laboratories are being 
equipp^, cmd that soienoe in the steel industry is 
now very mTieh to the fore. 

STEEL. 

German delegates to the meeting of the Iron and 
Steel Institute held at SheflBeld in 1905, freely 
admitted that Germany bad much to learn from that 
centre and no doubt derived benefit from the hos- 
pitality then extended to them. The reputation of 
Shefifirid in ste^ production dates from 1740, 
when Hunteman discovered the process of casting 
completely fused metal from oruciblee. Sixty 
years ago steel was obtained by deoarbiuising pig 
iron to malleablo iron in a puddling furnace and 
subsequently introducihg the requisite amoimt 'of 
carbon by cementation process. These operations 
were protracted, required exhausting labour, and 
involv^ the use of large and esqiensive furnaces 
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subjected to considerable wear and tear and consuming 
large quantities of fuel. 

1866( Bessemer — a scientific man — as the result 
of expeiimimtB deliberately directed to a definite 
object, introduced his process for ** The Preparation 
of Steel without Fuel.” He found that by forcing 
a blast of atmospheric air through molten oast iron, 
contained in a suitable vessel lined with ganister, 
a siliceous material, the ozidisable impurities in the 
iron could be removed without the external appHoa- 
tion of heat, since the heat produced by oxidation 
was sufQoient to keep the mass in a molten state. 
Manual or meohanioal stirring was unnecessary. The 
pig was melted in a cupola, and transferred to a mixer 
of up to 600 tons capacity. From the mixer a charge 
was conveyed by a ladle to the converter, the lattw 
being swung into position after the “ blow ” had been 
start^ In twenty minutes the operation was 
completed ; the blast was stopped for a few seconds 
while a workman threw in from a shovel suffloient 
Spiegel or ferro-manganese to introduce the proper 
proportions of carbon ; the blast was started again 
for a short time to mix the metal m:id the oharge was 
immediately poured into moulds. 

Contrast the rapidity and simplioity of this method 
with the time and labour expended in the other. 
Cendentation alone required seven to ten days ; the 
equivalent efE^t. Bessemerisation. occupies only 
the time reqTured to add the f^iegel and re-mix the 
oharge. The fuel expended is only that used in the 
oupc^» and even that is obviated in some oasaa where 
the constancy of grade of pig from the blast-furnaces 
can be relied on. when the pig is taken direct from the 
blast-furnace to the convert. 

The original or acid Bessenoer process had. however, 
two disadvantages: — (1) pho^horus and sulphur 
could not be removed ovnng to the reduction of their 
oxides by iron and, therefore, only special ** Bessemer 
pigs,” free from phosphorus and very low in sulphur, 
could be used ; (2) the ingots produced centred 
blow-holes. Soience overcame the first of these 
disadvantages. In 1879 Thomas and Cilchrist fouzid 

B 
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that by Ifning a o<mverter with burnt dolomite or 
magaeaite» i^ead of ganiater, and by .adding a 
quantity of lime to the charge, the whole of the 
]^OB^horuB and Bome of the erolphui could be removed. 

was the result not oixly of soientifio methods 
of reaearoh but of the direct application of a soientMc 
principle, viz., that of uedng a basic lining and adding 
lime, a basic material, to retain the Wdic substances 
produced by thd oxidation of pho^horus and sulphur. 
The second problem, however, was solved by the 
empirical discovery that the addition of a very BmplI 
quantity — 6 to 8 oz. per ton — of aluminium to the 
molten metal minimised the formation of blow-holes. 

The only important rival to the Beasemer method is 
the opan-hearw process, perfected about twelve years 
later by. Sir WilWn Siem^s and his brother — ^both 
Boientido men* After gr^t initial diffioultiee, they 
succeeded in deoarburising iron without contact with 
solid fuel In this process an excee^^y high 
temperature is produced in an oxidising atmo^here 
by we combustion of a mixture of produce gas and 
air fed into the furnace. Ohanges take place of the 
same character as in the Beasemer process. Both 
acid and basic hearths are used, and ^e principle of 
regenerative heating is utilised. 

To Dr. Sorby, of Shefiield, we owe the introduction 
of metallography, and in this connection the names 
of Osmond, Mart^, Stead, Boberts-Austen, Sauveur, 
and Le Chatelier, all men of science, must remem- 
bered. Up to the preset day, and for some years past, 
the miscrosoopio examination of the etched surfaces of 
metal has been common practice in steel works labora- 
tories. Besearches on the oauae of recalescenoe, com- 
bined with the intiniate knowledge of ^e struoturp of 
steels aSorded by miscrosoopio exandnaition, have 
placed in the dear light the eguiUbrium relations of 
iron and carbon, and have thus changed rule-of-thumb 
expeiieinoe into sound soientifio principle. Our views 
on the physioal and chemical nature of these equili- 
brium relations have been changed by the progress of 
research. Explanation by means of the solution theory 
has replaced tlwt based on the theory of the allotropy 
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of iron, and oxir knowledge of the subject is thus be* 
coming more definitely estaUished. To be able to ez* 
plain a phenomenon is second only to knowing that 
the phenomenon will occur. Whereas rule-of-thumb 
or empirical discoveries may occasionally give us good 
results, science, organised knowledge, enables us to 
proceed on de^ite lines. 

The discovery of rarer metals has led to the manu- 
facture of many varieties of steel, including alloys of 
special hardness. The properties of special steels 
and their behaviour under varying conditions, the' 
bearing of the character of their internal structure 
and similar questions have formed the basiB of 
numerous researches which have rmdered the in- 
dustry in an increasing degree more exact and 
scientiflo. The researches, of Sir ^Bobert Hadfleld 
have raaulted in supplying us with special steels 
difEering from ordine^ steels, through the addition 
of various elements other than those commonly 
present, whereby they acquire properties of enhanced 
hardness, toughness, elasticity, &o. 

Thus, by adding 7 to 20 per cent, of manganese we 
ensure great strength cmd touj^ess, the well-known 
Hadfleld steel ordinarily containing about 18 per oent. 
of manganese and 1 per bant, of carbon ; the addition, 
of about 8 per cent, of nickel and 0^ per cent, carbon 
gives us a steel of tensUe strength amd elasticity suit- 
able for the manufacture of grun barrels ; and the 
addition of 2 to 8 per oent. of chromium with about 
1 per oent. of combined carbon gives a remarkable 
steel which, when hardened and tempered, is employed 
in the manufacture of locomotive tires and springs, 
armour plates, armour-piercing projectiles, and oert^ 
(Qualities of files. Similarly, the introduction of 
titanium, molybdCnund, tungertien, aluminium, vana- 
dium, and boron gives varying effects now easily 
obtainable by the soientifio steel maker. 

These examples serve to illustrate clearly the 
advantages gained by the application of soientifio 
knowledge in the production of one of our chief 
materials ; but the function of the ohenoists in a steel 
works or any works is not confined to devising, pro- 

■ ■ B 2 
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oesses or prodiioing varieties' of the products. They 
are oouoemed -wi^ problems of many kiuds, and 
among these the questioii of fuel smd fuel eooi^omy- 
both in raising power and in smel^g operations are 
of primary importance. Science determine the 
smtability and value of the coid employed. Tests are 
made to determine the caloriSo power and to estimate 
the sulphur, ash» and the volatile matter, including 
moisture, all important factors from the point of view 
of economy. The manufacturer who ignores these 
questions must sufEer throu^ the employment of coal 
containing sulphur which attacks his fire-boxes, and 
the purchase of water and useless mineral matter. 
Next, the treatment of boiler-feed water where the 
supply is not naturally soft must not be neg^cted, or 
the accumulation of s^e will result in waste of h^t, 
inefficient working, and other deplorable conditions. 
The method of water softening, by the addition of 
lime, was established by Dr. Thomas Clark, Professor 
of Chemistry at Aberdeen University,, from 183S-39, 
and its importance in every industry involving the use 
of boilers, or requiri^ the use of soft water, must 
have been and stiU is inestimable. 

NON-FBRROnS MBTALS. 

Mining and metallurgical industries are essentially 
Boientifiio, calling for the services of oheraists (1) on 
the mines, to examine ores, to advise on their concen- 
tration and generally to specify the methods to be 
adopted for the extraction of metals, and (2) in the 
actual working of the metal. 

The production of non^feirous metals, such as 
copper, lesd, ^inc and aluminium, needs the help of 
trained teohnologiBts whose labours are constantly 
directed to the discovery of improved processes and of 
nW varieties of alloys adapted to special purposes, 
particularly those demanded by the tiwd of engineer- 
ing development. 

In survey^ the history of non-ferrous metallurgy, 
the most stxiking feature is the extent of comparatively 
recent soientifi.o ad\^o^ent. In maoxy oases the 
methods of. treatmg ores to obtain crude metal 
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remam fundamentally the same as when they were 
originally disoovered — for the most part empirioally ; 
but they have been explained, modified, and improved 
by soienoe ; while in other oases, new and better 
methods, due solely to soienoe, have been substituted 
for old ones. 

fTAe SepanOion of Minerals . — ^Theores of heavy 
metals cure frequency of such low grade that the 
metal cannot be won economically. Thousands 
of tons of valuable minerals would still remain 
unworked except for the soientiflo methods of oon- 
om^tLpn now employed. An ore containing only 
one per cent, of tin will repay treatment. 
It cannot be smelted, but a complex process 
of table washing, roasting, and washing again con* 
centrates it to 60 to 70 per cent, ready for the 
smelter. Low grcwle sulphide ores and graphite 
ores are concentrated by one or other of various 
methods of oil separation and flotation which afiord 
intere^ng examples of discovery originated in . 
empicioism, developed by chance discovery and 
mechanical ingenuity and further improved by the 
direct application of scientific thought, whereby their 
utility h^ become widely extended so cm to effect 
invaluable economies in the minei^ industries. 
Although various theories have been advanced to 
explain the phenomena of flotation, the true mechan- 
ism remains as yet obsome. It is instructive to 
follow the stages of the advances made in this direc- 
tion, and to indicate the present views on the subject. 

In 1886 Carrie J. Everson found that sulphide 
mineral particles could be separated from the gangue 
in ores by kneading the finely crushed ore with a paste 
formed by the action of sulphuric acid on oertaio 
oils, e.g., linseed or cotton seed. The oil adhered to 
the particles of sulphide mineral and bound the whole 
into a coherent mass. The gangiie was then washed 
away by water. The process was vazyUttle i^d, its 
application being limited to rich P 3 ^tic gold ores, 
the treatment of which was profitable. 

The next development, patented by Elmore in 1898, 
was an oU eepcvration process wherein ^ 'finely 
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firuah^ ^phide ore made mto a pidp with water 
was wdl mixed with 3 to 6 per cent, of its weight 
of residuum oiL The oil floated to the top aud 
formhd a layer carrying the sulphidra, leaving behind 
ihe^gap-gue. The top layer was separated by means 
^ a ^tzkasten and the oil run into a oentifrugal 
xnaohme containing warm water, where some of the 
oil was separated to be used over again. The partially 
de-oiled oonoentratea were further treated in a smedler 
centi£rugal to efEeot a further separation of oil, and 
were then ready for the smelter. In 1901 Elmore 
patented the use of sulphuric acid in the process, as 
on aid to the production of cleaner oonoentratea. 
The process wm not gerieraUy adopted because the 
losses of oil due to entanglement in the gangue pulp 
were very high. 

The Elmore vacuum method was on outcome of 
the above. This is on oil flotation process, as distinct 
from an oil separation process. The pulp of ore and 
water, mixed with a very small quantity of oil and 
enou£^ Bulphurio acid to make the mixture slightly 
acid, is exposed to a partial vacuum; the air 
dissolved in the water rises up through it in the form 
of bubbles, floating the oiled srdphides to the top, 
whence they are drawn ofl. From a 2 to 3 per cent, 
copper ore, OOncentrates of up to 20 per cent, can 
be produced. 

In 1901 C. y. Potter, working on Broken Hill ore, 
heated the crushed ore in on acid water pulp. The 
aotion of the acid upon carbonates in the ore generated 
carbonic acid gas, which, rising to -the top, carried 
sulphide xninerM -with it. In 1902, in oonneotion with 
this process, G; D.. Delprat used salt oako instead of 
sulphurio acid. 

In. 1903 Cattermole, by adding 4 to 0 per cent, 
of oleic acid -to the ore-wator pulp and applying slow 
a^tation, caused the sulphide particles to aggrega-te 
into large granules with the oil. The gan^e whl(h 
remained in the ptflp was then separated by meems 
of an up'Oast.: ^e principle of the method wtu good, 
but -the' eapense in ou was larg^. It -was in oonneotion 
with the work on this process, however, t^t froth 
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.ted on tbe oxoi 
the pulp with 
the oiled 



flotation prooeas was diaooveredi ' 
titles of oil — ^up to 0.1 per oent.j,< . 
though less generally — and ohurihiflS 
air. by rapid agitation with a spe^igJ 
sulphide particles are caused to 
strong froth which is floated ofl by a 
process especially has been developed by sci^ 
searchf add the ^cienoy and the economy of ore con- 
centration have bem th^eby greatly improved. Sul- 
phide ores of sdno* copper, lead, iron, antimony, 
molybdenum, and of otbeor metals are very efficientily 
treated. Tin-stone-pyrites table concentrates are 
separated, the pyrites being floated off ; and graphite 
is easily concentrated to an exceeding^ clean product. 
The grade of the concentrates is high and the recovery 
excellent. The use of acid is sometimes necessary 
to produce clean concentrates, enough being added 
to ensure an acid reaction in the pulp. Curves can be 
plotted showing the variations in. grade of concen- 
trates and recovery with variation in the amo'ynts of 
oil and acid used. The testing of ores is scienlMoally 
carried out in special apparatus. The e3q>erimenter 
not only finds the best method for treating the ore, 
but also observes and records any peouliaiities ex- 
hibited that may be of use in furthering the aims of 
the process, or may serve to throw light on the 
ultimate causes of the principle^ undiwlying the 
method. Wood’s modification of the above process 
renders it possible to concentrate certain ores without 
the use of oil. 

These concentration processes are of comparatively 
recent invention, and are inciea^gly appUed to the 
treatment of low grade sulphide ores and the tailings 
from table oonoentratiohs. 

Experiments on the flotation of other minerals, 
such as native copper, gold, and Scheelite, an ore of 
tungstan, have met wi& success, and will probably 
be greatly developed during the next few years. The 
flotation of carbonate and other oxidised ores has 
been attempted with positive results, but this exten- 
sion also is as yet in the experimental stage. The 
general opinion of men of science at the present day 
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is that flotation is an eileot of suifMe tezusion, though 
B orp** favour the view that the mineral particles must 
also carry an electric charge. The idtixnate causes 
con bnly be established by further research. 

In d ffphng with the separation of minerals we should 
also the important work of electrical and 
mechanical enginaerSi^to whom much credit is due for 
the invention of magnetic separators. Many ores 
containing naognetio milxerals ore now efficiently 
treated by these machines, involving both wet and dry 
methods. As instances znay be taken the znagnetio 
concentration of magnetite ores, and the separation 
of this mineral from p 3 rritos. Magnetic separation 
has also been applied in the treatment of monazite 
for the concentration of thorium, to which we 
will refer later. 

Copper . — Soientiflo knowledge has come to the aid 
of the copper smeltor and refiner in various ways. The 
introduction of watQr«jaoketod blast furnaces — such 
as are used in loud smelting — ^intlio fusion for regnlus, 
has roduoed wear and tear to the minimuna. Those 
fumaoes are mddo of iron and ore double walled, with 
water oirculatmg through the space' between the 
walls, producing a cooling efiect iiiaido the fumaoo in 
the immediate vicinity of the w'oU. The result is 
that Bomo of tlio molten slog solidifies on the wall, 
forzuiug a protective coating which is not further 
attaokm, smoo tlie liquid docs not corrode it, and 
thus the iron walls of thu fumaco soarcoly come into 
contaot with thu liquid. 

A method of smcltizig pyritio ooppor, silver, or gold 
ores by the hoat of oxi^tion of the pyrites, without 
the aid cf any other fudi woa introduced as recently 
as 1906 ; in actual practioo, howevor, up to 6 jpor cent, 
of oarbonoooouB fuel is now ctddod. Wator-jacketed 
blast ftonmoos ore used, and olr — ^pro-hoatod in some 
cases — ^Is liberally HuppUed tlirough a large number 
of tuyeres. 

Copper intended for uso as an dleotrioaJi oonduetor 
must bo of high qiudity, the presence of very small 
quantities of certain other bodies causing a xziarked 
dhninution in its efficiency. The noooesary degree of 
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ptxrity can now easily be obtained by the methods of 
eleotrolytio refining. A thin sheet of eleotrolytio 
beeper forms the oathode, a slab of blister copper 
the anode, and the electrolyte is an aoidifled solution 
of copper sulphate. 

copper is d^osited <m the oathode, the anode 
being gradually dissolved. ImpuritieB in the copper, 
such as iron, zinc, nickel, &c., of which the sulphates 
are soluble, are allowed, to accumulate in the solution 
until their quantity renders the liquor inconvenient 
to deal with. At this stage the copper in the liquor 
is precipitated with meta^c iron and fresh solution' 
substituted. Other metals present, 8U(^ as platinum, 
gold, silver, lead, and arsenic, form a fine mud in the 
bath, and tins mud is edterwmrds treated for recovery 
of the precious metals. Thus, by this sdentifio 
method, not only is copper obtained in a very pure 
states but, the gold, silver, and platinum also can be 
extracted profitably. 

Lead . — A remarlmble instance of the application of 
pure soienoe to the solution of a technical problem is 
provided in the methods employed in the deeilveriBa* 
tion of lead by the Fattinson and the Farkee methods. 
iBefore 1888 the only available process was ctq>ellation, 
and this could only be efCeoted economioally if the lead 
contained 8 oz. per ton or more of silver. Therefore 
much silver remained in the lead, of which, in the 
aggregate, large quantities contain^ less than this 
amount. The method patented' by Hu^ Lee 
Fattinsem in 1888 depended on the fact that when 
a solution is partially frozen some of the solvent 
separates in the solid form, leaving a solution richer 
in the dissolved substance. For instance, when salt 
water is frozen, pure ice separates and the remaining 
solution is stronger in salt. Molten lead containing 
silver may be regarded as a solution of silver in lead, 
and if this solution is allowed to solidify partially, 
ahnost pure lead separates out in crystals. Two 
methods are adopted, that of thirds and that of 
eighths. Usually, sixteen kettles, lined witih lime to . 
prevent attack by litharge and holding about 12 tons 
each, are employ^ For lead comparatively rich in 
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silver, two^tlurds of the oontente of eaoih pot are 
remo'v^ as lead crysteJs ; and for lead whioh is 
poorer in silver, seven-ei^ths of the oontente is 
removed from each pot. Ih the latter oase fewer 
pots are required. ^ these means, respeotiv^, 
starting from a lead containing up to 3 oz. of ail^ 
per ton, a ^very lead containing 700 oz. per ton, 

. and a **pTire lead o<mtajning only oz* to oz. of 
silver per ton can he obtained. The prooeee in each 
oase is stopp^ when the silver reaches about 700 oz. 
per ton, as this is a^^ffoaohing the -euteotio.* A 
modification of the method nas been introduced 
whereby the lead is oooled more quiokly by blowing 
in steam and spraying the top of the lead with oold 
water, the rich silvery lead bcong poured o£E from the 
oryste^ instead, of the latter being baled out. 

The sfivery lead obtained by either prooess is 
cupelled on a hearth made partially of bone ash, 
which absorbs most of the lee^ oxide. Some of the 
litharge produced is blown over -the side of the oupel 
by the blast of air, aixd is used in the manufaotirre of 
paint. 

The Farkes prooess d^ends upon the fact that 
silver is much more soluble in, zino -than it is in lead, 
whilst lead and zino are mutually soluble only -to a 
small extent. A saturated solution of zino in lead 
oontains only about 1 pec cent, of zino whilst a 
saturated solution of lead in zinc oontains 2 to 3 per 
oent. oE lead. If, therefore, molten argentiferous lead 
is sthxed up with molten sino the latter extraots most 
of the ^ver from the lead and -when -the stiiring is 
disQontinued rises to the top, f onning a Vacate layer. 
An eanotly parallsl operatic frequently used in the 
laboratory is the method of extraotion 1^ ether. 
On sbfAihg ether and Water together each diifflbl-veB a 
little of the otto. When the shriking is stop]^ the 
liquids separate into -two layers, the ether being the 
uppermost. Oppose we are dcEding -with the aqueotu 
solution of a substanoe -that is more soluble in ether 
than id, water, and that the. solution in water is. 
iosonvenient to work -with, the substanob oaxt be 

* See note on p. 21-. . 
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abnost oompletely removed as a solution in ether by 
shaking the solution repeatedly with small quantities 
of ether, whidh can then be removed by distillation. 

Ih praotide, the work lead is purified by remelting, 
to eSeot the removal of oopper, arsenio, antimony, dco. 
The lead, so far purified is then melted in a pot 
and heated to about 600 deg. C., lumps of zdno are 
added and the liquid is well stirred with iron paddles. 
The quantity of ziho added depends on the riohness 
of the lecul in silvei*, but in any ease is v er y small and 
rarely exceeds 2 per cent, of the wei^t of the lead. 
When the agitation is stopped, the liquid is allowed to 
cool and a orust of zinc containing the silver Solidifies 
on top of the still molten lead, is removed by ladles 
and hquated to separate some of the zinc. The 
remainder of the zinc-silver mixture is then transfeKred 
to graphite retorts and the zinc is distilled ofl. It is 
found to be advantageous in extraction by zino — aa in 
the ease of ether — ^to add the zinc in three instalments, 
and not all at ouoe. When the lead contains gold, 
about one-tenth of the zino is put in at first, when the 
scum of zino separated contains all the gold. The 
silver is then extrected by continuing the prooess. 
The remaining lead contains about 1 pec cent, of 
zinc, which is removed by blowing air and steam 
through the molten metal, the zinc being blown away 
as oxMe, leaving the lead m a very pure state. The 
Parkes process, now used extensively, has been 
. rendered more Relent by the recent discovery that 
grai^te retorts can be used for the distillation of the 
zinc. 

These prooeases for desilverisation not only yield 
valuable quantities of silver but also produce lead 
in a high state of piuity. In fact, lead as now pro- 
duced is one of the pur^ of the commercial metals. 
It would probably not be so if no precious metal 
could be detracted from it, because in order to win 
the silver all other impurities must also be removed. 
Whereas work lead is hard, pure lead is soft and can 
be easily manipulated, pmiV being, moreover, very 
impoortant in the starting material for the manufac- 
ture of white lead for malrog paint. 
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Nickel was disoovered by Oronstedt in 1760* 
During reoeut years it has assumed an important 
position in the civilised world. It is me^eable, 
ductile, hard, takes a >n' gb polish, and is very 
resistant to atmo^herio oxidation. To these 
valuable propertieB nickel owes its use in the electro* 
plating (rf small iron and steel artides to prevent 
rusting, in the manufacture of rifle bullets, which are 
covered with a layer of nickel to give a hard clean 
surface that will not foul the bar^ and also in the 
preparation of nickel steels and of certain alloys 
with copper and zinc, such as nickel silver, which 
. are used in the naanufacture of forks and spools, 
ornamental articles, wire, medals, and coins. Nickel 
is also used in the flnely divided state as a catalyst, 
in the hydrogenation of certain oils and fats. By the 
action of hydrogen in the presence of flnely divided 
nickel, liquid oils such as fish oil, linseed oil, olive oil, 
can be “ hardened '* into solid fats suitable for the 
starting materials in the mantifacture of foodstuBs, 
candles, and Soap. For these purposes the nickel 
used must be very pure. The older methods of pro- 
duction were diflio^t and e3q)ensive, but in 1806 
Ludwig Mond introduced a method by which the 
pure metal can be obtained at a comparatively low 
cost from the xnatte produced by the firrt smikting 
operation. Mond disoovered that metallio nickd 
combines with carbon monoxide when heated to 
80 deg. 0. in an atmosphere of that gas, yielding 
a volatile compound, nickel carbonyL The matte is 
roasted and than reduced at 400 deg. C. by 
producer gas. The reduced metal is then eaposed 
at 80 deg. 0. in a " volatiUser *’ to the action of 
carbon monoxide. The gas issuing from the volatiliser 
containing the nickel carbonyl is passed through 
vessels heated to 180 deg. 0., where the nickel is 
deposited in the pure state. The carbon monoxide' 
is obtained from fl'ue gases by pasfflng first throu^ 
boiling potassium carbonate solution and then over 
hot coke. The carbon monoxide obtained by the 
decomposition of the nickel carbonyl at 180 deg. 0. 
is also used over again. This brief survey shows how 
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Hoad’s soientido discovery aad its 6::q>loitation has 
had its effect on very diverse industries. 

Sodium . — MeteJlic sodium was first obtaiued by Sir 
Humphry Davy, in 1807, by the deotrolysis of caustic 
soda, but no att^pt was i^en made to manufacture 
sodium on the large scale by that process. Up to 1801 
it was produced by carbon reduction methods. The 
method of Brunner, improved by DeviUe, consisted in 
igniting a mixture of. so^um carbonate and charcoal ; 
but this process was very wasteful and expensive, 
and the price of sodium was consequently high. 
In 1886 Qastner employed caustic so^ instead of 
sodium carbonate, and this improvement, the outcome 
of Boientifio research, effected substanti^ decrease in 
the cost of production. . In 1891 the old process was 
entird.y abandoned and replaced by Castner’s electro- 
lytic method, founded on Davy’s discovery and 
developed in the laboratory, by which fused caustic 
soda was electrolysed in on iron vessd -under special 
precautions for even heating and the maintenance of 
a Mynstont temperature. The method was cleaner 
and more efiEUnent, and as aresult sodium became really 
a commercial product, ^thousands of tons being ren- 
dered available annually for the prepiuration of s^mn 
cyanide for gold extraction, under the MaoAxthur- 
Forrest process for deeding with low grade ores and 
sand and dime tailings. 

AUiminiim — so m\ioh valued for its li^^tness, 
strength, and unalterability in eur — has a history 
resembling that of sodium. It was first isolated in the 
p-ure state in 1827 by Wohler, by fusing the chloride 
of the metal with potassi-um in a closed crucible, and 
again by the same chemist by passing the vapour of 
aluminium chloride over potassium. In 1864 Bunsen 
used the method of eleotrolyslB of the fused chloride, 
and DeviUe applied the method of WShler in attempts 
to manufacture the metal on a large scale u^g 
sodium instead of potassi-um. Samples of Deville’s pro- 
ducts were shown in ingots at the Paris Exhibition of 
1866, where they occupied a prominent position, care- 
fully guarded by gendarmes, only a few -visitors being 
allo-w^ to handle the exhibit, which was regarded as 
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a great ourioaity. This was an inoeative to further 
researoh, with result that a short time later the 
large scale manufacture was established at Alais on 
the Loire. The use of sodium, then itself a costly 
metal, was only one item in the hea-vy expense 
involved. The' method held its own for some years, 
but in 1887 Bernard Erdres, of Paris, reverting 
to the method of Bunsen, foixnded th^ deotro- 
lytio process, using a mixture of oryoUte and 
common salt as t^ electrolyte. Before 1887 
aluminum was soldat£3perpound. Nowit can bemade 
at very low cost, where power is cheap, to be sold at 
little more than a shilling per pound. The method 
whereby a solution of oxide of aluminium in fused 
cryolite is kept in the molten state, and decomposed, 
by an electric current, yields a xnetal of over 99 per 
cent, purity compared with the 87 to 98 per cent, 
metal from the older process. The expenditure of 
electrical energy is hig^, cuid in the hght ^of our 
present knowledge it appears futile to endea- 
vour to reduce it. When aluminium is used in 
the thermite process, an enormous quantity of energy 
is evolved in the form of heat, producing a very h^ 
temperatme, the aluminium being converted into the 
oxide. To win back the metal from the oxide an 
equal amount of energy has to be put back, thus 
accounting for the quantity of energy absorbed in 
the preparation of the metal. 

MoffMaiitm was first isolated by I>avy. It owes its 
n^thod of preparation and presont-dey uses rolely to 
(beatific investigation. It is manufactured by a pro- 
, cess similar to that used for aluminitim, by the electro- 
. lysis of fused anhydrous oornaUite, a doutde chloride of 
magnesium and potassium. The " maghaliuin ’* 
alloys of aluminium and magneaiuna ore h^ter than 
. 'the former metal, give very good castings, and aro' 

; as strong as brass and brozuse. The use of magnesium 
in flashlight photography is well known. 

Molybdenum and Tvngstens like aluminium and 
magnesium, are ohildren of scdeinoe. Both ore- used 
for P tak i u g special steels, and tungsten is also form^ 
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into filcunenta for inoondesoent eleotrio lazapa, ita 
efiOoienoy in this rdle being very great. 

Ohromium, which was discovered by Vauquelin in 
1707, and is much used in the manufacture of special 
steels, has a very high melting point, and on that 
learnt cannot be prepared m a fused state by 
ordineuy methods. The metal was isolated by 
Deyille by heating chromium oxide and sugar char- 
coal in a lime crucible ; and by W5hler by heating 
the chloride with metallic zinc under a layer of. 
sodium chloride, and subsequently removing the 
zinc by treatment with nitric euud, the chromium 
being hereby obtained m the form! of^a grey ppwder 
but these and similar methods could not be adopted, 
economically on a oommercieJ scale. In 1893 '' 
Moissan published the method whereby a mixtxure 
of chromium oxide and carbon, is heated to the hi^ 
temperature of the electric furnace, giving a product 
contaiuing large quantities of carbon from which it 
can be freed o^dy by difficult and expensive processes. 
Ferrochrome, however, an allojjr of iron containing 60 
to 70 per cent, of ohrornitun, is manufactured on a 
large scale by the thermite [ffpeess. Chromite, 
ore of chromium and iron, is finely crushed and well 
mixed vdth aluminium, dust. The mixture is ignited 
with the aid of burning m^^esium. The aluminium 
reduces l^e oxides of iron and chromium with evolu- 
tion of great heat, and consequent production of a 
temperature sufficiently high to fuse the ferrochrome, 
the alloy being thus produced in a oonmact and 
homogeneous condition. Chromium metal of over 
90. 6 per cent, purity can be obtained by the thermite 
process, the prinoi]^ impurities be^ small (quanti- 
ties of iron and sili^n. The thermite process is used 
when freedom from carbon is demred, that of Moissan 
being applicable when the presence of a pertam 
quantity of carbon is not objectionable. 

Thoriumf discovered by Berzelius in' 1828, is 
interesting scientifically by reason of its radioactivi^. 
It has found ho useful application aa a metal* biit its 
oxide, thoria, has proved Invaluable ; to the gas 
industry, bei^ used for the mahuf aoti^ of inoan-. 
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desoeiat montleBt of which the world’s production is 
estimated at over 400*000,000 annn^y. Thoria, 
when heated directly in a flame, possesses the property 
of conveirting heat energy into lig^t. Research was 
therefore directed to the utilisation of t.'hiH property, 
the evolution of the modem gas mantle being the 
result of purely sdentifio investigations, requiring 
(great skill and patimce. Not the least difficult pro- 
blem to be solved was the production of thoria in 
.the necessary state of purity. In the early history 
of the manufe^ure d the mantles, the known sources 
of thoria were not numerous, sJthoujgh the available 
ores were rich, dcd presented little difficulty in treat- 
ment, but the disoov^ of large deposits of monaaite 
‘sand in South America stimiilated the industry by 
considerably diTninishing the cost of the matericds 
employed. For a time, while the vedue of the sand 
remained unrecognised by the States wherein it was 
found, the sand was shipped to Slurope as ballast — an 
illustration of the advantages to be gained freon 
sdentifle investigation into natural resources. How- 
ever, that is another story I Monazite is a complex 
mineral consisting of the phosphates of thoriiun and 
the, metals of the rare earths, occurring mixed with 
other minerals as a sand. To obtain pure thoria 
from this ore a protracted treatment is necessary, 
involving concentration by tables and by me^etio 
separation, followed by fractional precipitation of 
the oxides trom solution. The thoria appears on the 
market as nitrate. In the manufacture of mantles 
a cotton framework, supported on an asbestos collar, 
is soaked with a solution of the nitrate and dried ; the 
cotton is burned away, and the resultant oxide is 
;heardened by further heating, and stiffened by dipping 
into collodion, which in turn is removed by burning 
when the mantle u placed in position ready for use. 
It was found that the prraenoe of about one per cent, of 
cerium oxide in the mantle increased to a maTiTmim 
the transformation of heat energy into lig^t, whereas 
a marked diminution of luminosity was observed 
when the quantity of emurn oxide was increased or 
diminished. For this 'r^on the equivodent of one 
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par cent, of oeocitun oxide is added to the solution of 
thorium nitrate. The credit for praotioally the whole 
of the soientiflo work underlying the mdustry is due 
to Auer von Welsbaoh. 

FotuMZtum, discovered in 1830 by Sefstrom, in the 
re^ery slag of the iron ore of Taberg» in Sw^en, is 
of increasing service to the maker of specisd steels. 
In effect 0.2 per cent, is equivalent to 8 to 4 per cent, 
of nickel, and experience tends to show that it imparts 
to steel the power of resisting changes caused by 
vibration, a most valuable property from the engi- 
neer’s point of view. It is mainly used as an alloyt 
ferrovanadium, prepared by the thermite process. 
It is worthy of note, as aSordmg an instance of the 
utilisation of “waste," that the mixture of metals 
obtained by reducing the rare earth oxides forming 
the residue of monazite after the extraction of thoria 
is employed, in the place of aluminium, to produce 
pure vanadium by a method resembling the thermite 
process. 

THE NOBLE METALS. 

Qold , — ^In the recovery of gold large quantities 
of metal were previously thrown away in tapngs, 
owing to the fact that amalgamation left a certain 
amoimt unextracted from ^ ore. The Plattner 
chlorine method and the MacArthur-Foxrest cyanide 
process have now rendered the tailing noietal 
available. The Plattner method, which is also used 
in the treatment of auriferous pyrites, depends on the 
action of chlorine gas on the roasted ore, the chloride 
produced being subsequently leached out with water. 
The gold is then precipitated by treating the solution 
with some suitable material, soi^ as ferrous sulphate, 
charcoal, sulphuretted hydrogen, sulphide of iron, or 
sulphide of copper. The MaoArthur-Forrest pro- 
cess, also founded on the study of the chemic^ 
properties of gold, consists in the treatment of the 
sand or slime tailings from the amalgamation 
process, or, in some oases, a very low grade ore, 
with a dilute solution, not more than 0.3 per cent., 
of potassium or sodium cyanide, and the subsequent 

o 
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predpitation of the dissolved gold by means of adno 
diavings. The is removed by distillation from 
^aphite retorts, or sometimes by dissolution in 
sulphuric add, the latter method yielding a somewhat 
.richer bullion. In a method introduced by Tavener, 
the sinb-gold predpitate is raized with litharge, saw- 
' dust and assay sla^, and melted in a reverberatory, 
the resultant lead bullion being subsequently cupelled 
for recovery of the gold. la another method, 
devised by Siemens and Halake, the gold is predpi* 
•tat^ from the cyanide sdutioh by electrolysis, usi ng 
iron anodes and lead cathodes and recovering the 
^old by cupelling the cathodes. 

''' In the separation of gold from silver, nitrio acid 
-was at one -time univeimlly employed, but in 1802 
D’Aroet utilised the fact, discovered in 1763 by 
Scheele, that oonoendsted sulphuric aoid was equally 
suitable for the purpOM. This constituted an improve- 
ment of considerable value, effecting a saving both of 
cost and time, wad it must be remembered that in this 
. coimeetion “ time is money,” for gold brings interest. 

The Plaimum Qrovp . — ^The metals of the plati- 
num group are amoisg the most valuable acqui- 
sitions of civilised naan, and their availability is 
entirely due , to chemists, amoiog whom naay be 
mentioned Aoheurd, Jonetty, Knight, Wollaston, 
Deville, the of Johnson, Matthey and Oo. 
P^tinum itself is easily worked by the ozy-hydrogen 
flame method of Hare, modifled and improved by 
Deville and Debray, and is useful for many purposes 
in which special resistant properties are essential, 
such as for vessels employed in analytioal ohemisti^, 
for stills for tl:^ concentration of chamber add, 
for standard weights and measures, for eleotrioal 
. leads fused into glass, as a catalyst in the contact 
process for -ma-bing sidphuric add, as a photo^aphic 
■pripdi«Tn, ftTid for mounting jewellery. 

Other members of the group ore hli^um, discovered 
by Tennant in 1804, -used'in combonation with plati- 
, num in the oonstruotion of pyrometers, and as pure 
jnoetal for tipping gdd pdis j o^uno, discovered by 
l^cotUs in 1808, addley Temrant in 1804, used in tibe 


TO OHEKEOAL SCIENQE 21 

- - 

proparation of znetallio filunenta of eleotrio lamps, 
and oombined with iridium for tipping gold pens and 
for the beajrings of the znaxiner’s oompass ; palladiuzp . 
discovered by WoUastoii in 1808, employed by 
dentists and jew^ers ; and rhodium, disoovered by 
Wollaston in 1804, used in the zoanTxfaoture of certain 
forms of chemical apparatus. 

Noib (p. 12). — ^An alloy is termed eutectic when it is the 
most fumble of the alloys of two metals, the meltutg 
point being lower than that of either of the ^o 
metals of which it is composed. On cooling from .the 
molten state it deposits a solid having the same oom- 
position as that of the molten mixture. For example, 
the points of lead and tin are 828 and 282 aeg. 

Cent, respeotively, but an alloy of these metals oontcuning 
81 per cent, of lead melts at 180 deg. dent., any variation 
from this oonaposition entailing a rise in the melting point. 
If an alloy rioher in either oonstituent be slowly oomed, the 
metal present in excess of the above composition separates 
in the solid state as cooling progresses, until the composi- 
tion of the remaiTiing fluid is that of the enteotio, wbioh 
then separates in the solid state. In the case of alloys of 
gold and silver there is no eutectic, the maltiTig points 
rising regularly from that of silver to that . of gold. 
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heavy chemicals autd alkali. 

In reviewing the process made in ohemiool 
industries proper* we are met with such a condition 
of interd^endenoe that it is impossible to avoid over- 
lapping of the subjects to be treated. Moreover* 
the steps *vi«de in the improvement and development 
of processes, and in the evolution of new prc^ucts* 
are so numerous that space will not allow ^ a com- 
prehensive scheme. Indeed, the library of the Patent- 
office* one of the beet for technological literature, 
cannot contain all that is due to chemists, nor disclose 
to which chemists the credit should be given for many 
important advances. We must, perforce* recognise* 
however, that science is the basis of all substantial 
, devriopment in the. industrial arts* and that the rule 
of thumb is dead. 

It has often been said that the prosperity of a 
country migiht be gauged by its output of sul- 
phuric acid ; .yet it is remarkable how little 
the m an in the street realises the importance of 
thiH substance. He has a vague id^ that it is 
the same t-liing as, or in some way akin to, vitriol, 
which he knows is destructive to clothing, and is 
associated with chargee of criminal assault wherein 
some evil-n^ded wretch has employed it as the 
agency for disfiguring the features of a fellow-being. 
If he were told that* even in normal times* the world’s 
output exceeded 6*000,000 tons he would marvel 
how it is that he never sees* and probably never 
has seen* the substance. The reason for this is* 
that the consumer of large quantities of the acid 
generally finds it convenient and econonoical to make 
it himself. Thus, althou^ large quantities are 
produced and consumed there is only a comparatively 
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email quantity on the market. When we oome 
to oonaider its teohnioal applications 'we flnil there 
is scarcely an industry that does not depend directly 
or indirectly on its use. It is employed in 
manufacture of superphosphate fertiliser, as a solvent 
for metals-^fpr example, in the parting of gold 
and silver — as a oonstituent of dipping baths for 
cleansing brass and bronze casting, and is used 
in the electrolytio refining of copper. Ammonia 
from the coal-tar and shale oil indust^es is absorbed 
in sulphuric acid, the resultant sulphate being exten- 
sively employed as a fertiliser. (The world’s 
production of ammonium sulphate probably exceeds 
1,600,000 tons.) Therefiningof oils, fats, and waxes, 
and of tar and petroleum prodticts is also carried out 
with the aid of sulphuric acid, and it is extensively 
used in the manufacture and sulphonation of dyestufEs. 
Nitric acid, guncotton — and therefore, cordite, collo- 
dion' and celluloid — nitroglycerine for dynamite, 
phenol, piorio acid, T.N.T., ^er, saodharine, many 
drugs, liquid glue, alum, pecsulphates, and a host 
of other useful substances are produced by processes 
in which sulphuric acid is an essential factor. It 
must be remembered, moreover, that many such 
substances are but the starting materials for the 
manufacture of other products ; so that regarded 
as a medissval ancestor, sulphuric add can boast 
a genealogical tree of no mean order with many 
'^a noble family and innumerable progeny. Nor 
must we forget that not the least impcwtant of its uses 
is in the laboratory, where also many of its relalions 
are to be found among the reagents required by 
the chemist. Discovered in the fifteenth century 
by the alohemists, it was made until about 1770 
by two methods : (i.) by the distillation of crystallised 
B^phate of iron prepaii^ by roasting iron pyrites ; 
and (ii) by the combustion of suljihur in a bdl jar 
over water. Of these methods, the first survi^^ 
until recently, being the only method available 
for mfttrfng fuming aoid, the second being the fore- 
runner of the modem lead chamber process. Both 
are attributed to Basil Valentine (16th century), 
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wbo next discovered that by the addition of antimony 
sulphide and nitre, the yidd could be substantially 
increased. Up to about the middle of the ei^teenl^ 
century the principal workers at the problem had 
been ^chemists — monks, and others — the pioneers 
of modern science ; and ihe only process that could 
be called a manufacture was that with sulphate of 
iron as starting materiaL At about that time, 
however, two French chemists. OLefdvre and Leme^, 
prodnced_a method, used, on a small manufacturing 
scale, wherein a mixture Of sulphur and nitre, without 
antimony su^hide, was burned under a bell-jar 
over water. About 1770 Dr. Roebuck, of Birmingham, 
first employed lead chambers contoining water, 
instead of g^ass be]l-;jars, thus considerably enlarging 
the scale of operations. The procedure was the same 
as in the bw-jar method. The floor of the lead 
diember was covered with a few inches of water, and 
a kind' of stand in the middle of the floor carried the 
charge of sulphur and nitre. The charge was ignited 
and the door was immediately closed and luted 
securely. The operations of charging, tfiyning, and 
HiHnhai^’ng -were repeated until the acid attained 
the maximum strength compatible with the safety 
of the lead, when the liquid was drawn ofl and concen- 
trated. This was a discontinuous process, but in 
principle it was the modem continuous method 
m a primitive state. The transition from the one 
to the - other was gradual, the outcome of much 
thought and research. A step towards continuity 
of working was obtained by burning the sulphur 
in a separate vessel, and leadi^ into the lead chamber 
the products of combustion, mixed with excess of 
air, and the fumes evolved on treating nitre with 
sulphuric acid. Complete continuity end greater 
*spe^ of worldng was obtained when Eestner intro- 
duced the iiyMtion of steam into the chamber. 
The mtwndlfi of the j^oo^ was explained by chemists 
x;by the qid of. various theories, but a fact of great 
impor£arioe was clearly rSCognised, viz., that the 
nitmo add .was merely a earner of the atmospheric 
oxygen., and heeded to be used only in small quantity. 
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Nex^ it wa6 found that the spent gas issuing from 
the dhamber gave rise, in oontaot with atmospherio 
air, to oxidised nitrogen oompounds that ooidd be^ 
us^ again in the ohamber. Nitre being the most', 
ei^ensive raw mateonal, many efiEorts were directed 
towards the recovery of these gases and their return 
to the oirouit. The most successful of these and 
the one universally culopted was due to the great 
Erench chemist, C^y-Lt^ao, the friendly rival 
in many fields of of our own Sir Humphry 

Davy. The gases issuing from the chamber were 
conducted up a tower of lead or stone, pasked \dth 
coke, down which a slow stream of strong sulphuric 
acid was caused to trickle. The acid issuing from 
the foot of the tower contained all the oxmes of 
nitrogen present in the ohamber gas. This acid 
was &en conveyed to the top of another toWer, 
invented by Qlover, and in penetrating the length 
of the tower was met by the hot ^es from the sulphur 
burners and deprived of its nitrogen oxides which 
were returned to the ohamber with the ingoing gases, 
to play again tibeir part in the transfonnation. The 
acid drawn from the ohamber was concentrated, 
in retorts, platinum being afterwards substituted 
for g^ass. AlUioug^ the initial outlay on. platinum 
was vesy considerable, the loss by breakage was 
avoided. 

This short history of sulphuric acid manufacture 
should serve to illustrate how science has been the 
prima^ factor in its evolution. The subject of the- 
use of iron pyrites as a source of sulphur will be 
deferred untu we consider the elkfdi industry, y 

We must digress for a moment to refer to another 
industry in order to indicate the origin of the oontaot 
process. About thirty-six yMis ago, various methods 
were discovered for the Reparation of ^artifiou^ 
indigo, and endeavours were made to apply the best = 
of. these bn a oommeroial scale to oomRte with 
the natural product. The string matenal in the 
most sucoeskbl prboeeaes was naphthalene, at one 
time . regarded by the tar distills as a nuisaaoe 
but now reboRiised as a valuable produbt. In the 
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first stage of the synthesis of indigo, naphthalene 
is oonvefTted by oxidation into phthalio aoid. This 
was origincdly footed by ohlorination and subsequent 
oxidation with nitric acid ; but the process was too 
fflq)ensive for successful application on the large 
scale. Next the discovery was made that the direct 
oxidation of naphthalene could easily be effected 
by fuming sulphuric aoid in the presence of merourio 
smphate. At that time, however, the only method 
of preparing the fuming acid was the Nordhausen 
process, by heating sulphate of iron, and the product 
was i;oo highly priced for the prospective indigo 
manufooturer. Oheap fuming acid was, therefore, 
a necessity. It had been Imown to chemists for 
a half a century or more that sulphuric acid anhydride 
could be made from sulphur dioxide and oxygon 
by passing the mixed gases over heated finely di'^ed 
platinum, and it was found that by absorbing the 
anhydride in concentrated sulphuric aoid the product 
was , the fuming acid. In the laboratory, where 
the mfkterials employed were comparatively pure, 
the method left nothing to be desired, but on the 
works where, for reasons of economy, materials of 
a crude nature, such as pyrites, had to be used, 
further obstacles were encountered. The process 
would go briskly for a time and then it would slow 
up and finally stop altogether. The platinum had 
lost its efificienoy and the chemists were confronted 
with another (hfflculty. They are accustomed to 
this sort of thing and enjoy it. Indeed, some are 
ahnost disappointed when results come too easily 
and there is a lull in the chase. They found that 
the platinum had been “poisoned" by arsenic, 
antimony and mercury from the pyrites ; ^ey there- 
fore devised the' means for washing these oxides 
out of the sulphur dioxide, and with this purified 
material their mbours were crowned with success. 
The znanufacture of fuming aoid and ordinary con- 
ctntrated sulphuric aoid by the " contact process " 
is a fast growing industry, and will doubtless in 
time largdiy replane the le^ chamber process by 
reasoh of ito effloienoy and cleanliness^ ai^ the 
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ooznp£ictneBB of the plant required. Moreover, it 
is oonvenient and eoonomioal to be able to produce 
acid of any strength ^thout the expense involved 
in the concentration necessary in the older process. 
On account of the diversity of its uses sulphuric 
acid is required in varying conditions of purity and 
.concentration, from the chamber acid and B.O.V. 
of commerce to the redistilled acid required in 
analytical operations. Besearches have been con- 
ducted with a view to the elimination of impiurities, 
and especially of arsenic. The contact process 
satisfies this requirement, but acid from the chambeor' 
process may contain this impurity in considerable 
quantity. The use of sulphur instead of pyritds 

results in the production of arsenic free acid, 

but chamber acid edready oontaizung arsenic can 
be freed from this impurity by precipitating it as 
sulphide with sulphuretted hydrogen before con- 
centrating the a^d. Another metdiod has be^ 

suggested whereby dry hydrogen chloride is paast^' 
through strong sulphuric add heated above 160 deg. 
Cent., when the arsenic is entirely removed ''as 
trichloride, but this has not received extensive 

application. Both these methods are founded on 
everyday laboratory experience. 

One hundred and thirty years ago, as a result 
of the French evolutionary wars, loanee was out 
off from the supply of all^ and an appeal was 
made to chemists “ to render vain the efforts 
and hatred of despots,” and, incidentally, to win 
a ^rize by producing a process for making alkali. 
This offer rented, in 1794, in the submission to the 
Oonvemtion of more than a dozen processes, some of 
which had already been in operation, including , that 
of the apothecary Leblanc, which was accepted. In 
1814 it was introduced into England, and in 1823 the 
first works of importance were ^tablished near Liver- 
pool by Jeunes Muspratt. In the Leblano|prooess 
sulphuric acid is employed for the decomposition of 
common salt. The resulting sulphate is hinted with 
chalk and small coal in a reverberatory furnace ; the 
piass is ^vi^ted ydth 00I4 9 F 
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solution is ^ evaporated to dryness and the product 
is Groined with sawdust in a slaitable furnace. The 
BodcL>ash or crude sodiuhi carbonate thus obtained 
is dissolved in hot water, treated with lime, to obtain 
caustic soda, to be used by the soap and can^emakers, 
or the soluMpn of the carbonate in water is filtered 
and crystallised to give^ washing- soda. We have 
indicate that the substances' required for the 
process were salt, coal, chalk, and sulphuric acid. 
The first three were to be fotmd in abundance in 
Nature, but up to that tune sulphuric acid was 
comparatively expensive, and the demand for it 
was not such as to warrant its extensive manufacture. 
It was to meet the requirements of the Leblanc 
process that the output oif the aoid was enormoiidy 
increased, and although the process has now been 
supersede by that of Solvay, as far as carbonate is 
concerned, is bein^ replaced by electrolytic 
methods for making caustic soda, it must not be over* 
looked that we owe to Leblanc, indirootly, our cheap 
sulphuric acid, end therefore a thousand and one 
other cheap oommodities. 

To return' to the sodium carbonate, we may well 
ask how many good citizens and washerwomen 
who use it have any idea that a ohemist has anything 
to do with its production ? Possibly they thinlr 
it exists naturally in the condition supplied ; more 
probably still, they think nothing at all about it 
BO long as it serves its purpose. 

If crystals are re-dissolved in water, filtered 
and re-crystallised, we have the pure sodium carbonate 
used in pharmacy. By passing carbonic acid gas 
into a cold solution of ^ carbonate, and by planing 
the crystals in an atmosphere of the gas, we obtain 

• the bi-oarbonate which is also employed in pharmacy, 
arul as an ingredient of baking powders. 

The aim ^ the technolo^t iS' to avoid waste 
of any kind, either -of mat^ or energy, the cost 
of a product to the consumer being in a great degree 
dependent on the efiSoient utOisation both of raw 
material and of by-products. The o-lka-b* industry 
famishes many examples. In the Leblanc process, 
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among the main produots are aoda ash, whidh.iiv:o.haye 
ehown is purified to obtcun soda or^tals, and'^* aljb^. 
^waste," of which about 30 per cent, is daloium sulphide 
containing the sulphur from the original sulphuric 
acid. The waste was long regarded>as useless, but is 
now treated for the recovery of the sulphur. Memy 
attempts have been made to recover Erolphur in 
a ui^ef^ form, but it was only comparatively recently 
that the Chanoe-Claus method was introduced, 
whereby the alkali tvaste is made into a paste with 
water, knd acted on by carbonic abid gas — ^]ipae<kiln 
gas and furnace gas being used for the purpose. 

sulphur of the calcium sulphide is converted 
thereby into sulphuretted hydrogen, which is mixed 
with a oarefi^y regulated supply of air and burned 
in contact with hot ferric oxide in Claus kilns. The 
hydrogen bums o£E and the sulphur is deposited 
in a practically pure state — a very valuable product. 

When, in 1839, an export embargo was plMed 
on Sioili^ sulphur, the alkali manufacturers, having 
to look elsewhere for their supply, found it in iron 
pyrites. The residue of oxide of iron from the pyrites 
burners was not used as a source of iron, as it retained 
enough sulphur to render it xmfit for this purpose. 
The pyrites used also contained a certain amount 
of copper^^veraging 3 per coat., as well os small 
quantities of gold and silver. Until 1866 these 
residues were dumped as useless, but in that year 
H e nderson introdi^oed a method whereby the whole 
of the copper co^ be recovered by roasting the 
residues with common salt, liidyiating the mass, 
with water, and precipitating the copper from the 
resultant solution by means of scrap iron. In 1870, 
a method w&s devis^ by Claudet to recover the gold 
and silver occurring in . the residues. The oapper 
solution formed^ on llsiviatibn in Henderson’s process 
contains the gold tmd silver as chlorides di^lveid 
in the exc^ of common salt. By daudet’s method 
the gold and ralver ore preoipita^ by the addition 
of zanc iodide to this solution the precipitated 
iodides being sul^quently reduced wiw metaHio 
s^cXin the pr^oiice of hydrobhiorio acid. 
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Thus by the appiioation of science the revenue 
of the sulphuiic add and alkali maker increased, 
the price of his products is lowered, and valuable 
xnatorials are rescued from the dump. Mpre 
than 600,000 tons of pyrites are burned annually 
in for the sake of the sulphur. The residue 

from this yields on extraction about 16,000 tons of 
copper, 400,000 ounces of silver, and 2000 ounces 
of gold, the final residue being transformed into a 
valuable source of iron. 

In connection with this subject can be rdated one 
of the most interesting episodes in industrial history. 
For some time after the inception of the Leblanc 
process, the hydrochloric acid produced was allowed 
to escape into the air, as no use had been found for 
it. Metal ware was corroded, and vegetable growth 
destroyed for miles around the works a^ ifire nuisance 
gave rise to much litigation. ' The obvious remedy 
was to absorb the noxious gas, and to .effect th^ 
many of the larger works adopt^ in 1886 a method 
devised by Qosaage. It was not tmtil 1863, however, 
that the Alkali Act was passed, enacting that not 
less than 66 per cent, of the hydro^oiio acid gas 
produced should be absorbed, a regulation rendered 
more stringent by subsequent legislation. Some idea 
of the quantity concerned may be gathered from the 
faot that at that time about 8000 tons of the gas 
were produced annually in England. To huk 
back to the earlier days when the makers first laid 
out capital to provide means for the absorption 
of the gas, they naturally wondered what return 
they could get for it. This was forthcoming in Ihe 
increased demand for chlorine to 'make bleaching 
powder to be used for bleaching raw cotton and 
materials for paper making. Chlorine, set free from 
the hydrochloric acid by the action of mangantee 
dioxide, was led over slaked lime, and the product 
was bleaching powder. The same gas passed into 
cold solutions of caustic soda and potash formed 
useful bleaching solutions, while if boiling potash was 
used the product was. chlorate of potash, a v^uable 
jmhstanoe in pyroteohny, in the njanufacture of . 
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oertain exploeivee, and in medioine. The znanganeee 
dioxide employed to liberate the chlorine waa 
converted into a useless product, which was a loss 
to the manufacturer. Science again came to his 
aid in the discovery of Weldon, that the action of 
lime and air on the manganese waste resulted in 
the regeneration of an oxygenated body which might 
be used in exactly the same way as the original 
dioxide. Thus, by this process the dioxide acts 
merely as an agent in lil^ating the dilorine, and 
can be used over and over again, atmospheric oxygen 
being the recJ factor concerned in the chan^. 

The Deacon process for the manufacture of chlorine 
from hjidrochlorio acid is a scientific method, whereby 
hydrochlorio CMid gas and air are passed over hot 
brick'Work impregnated with copper salts. The 
products are (^lorine gas and water, the copper 
salts acting merely as carriers of oxygen. The only 
losses are that of the hydrogen of the hydrochloric 
acid and the oxygen of the air. 

The two processea last considered, together with 
the lead chamber sulf^uric acid' process, being among 
the earliest of this type to be employed, serve to 
show how the chemist is teaching we manufacturer 
to use catalytic )and contact agmts to ^fect oertain 
ohemioal changes — ^more espeoally those involving 
oxidation. Such processes ^ numeroTis and success- 
ful at the present day, effecting wonderful economies, 
needing omy simple and compact plant, and bringing 
about the requirod changes in the cleanest and least 
wasteful manner. 

The Anmtmia-Soda or SoTmay Process . — ^In this 
process sodiqm bicarbonate is produced by the action 
of carbon dioxide on an ammoniaoal solution of 
common salt. The bicarbonate crystallises out, 
leaving ammonium chloride in solution, the aqomonia 
being recovered by heating the solution wi^ lime, 
and used over again. The lime employed is burnt at 
the works, the l^e-kUn gas being we source of some 
of the carbon dioxide, while the gas expelled from 
the bicarbonate by calcination to m^e normal 
carbonate proves the remainder. The seJt solution 
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used— 74>Tme pumped up from brine pits — is Siubjeoted 
to preliminary purification. Mogneeium salte ere 
precipitated by the addition of lime, the lime salts 
being afterward removed by adding the necessary 
quantity of sodium carbonate or ammouia liquor 
oontaining ammonium carbonate. After settling the 
solution is dravm pfi and is then ready for use. 

This process, ‘which was patented by and 

Hemming in 1838, though simple from l^e chemists’ 
point of view, presented considerable mechanical 
difficulties. The first attempt to utilise the reaction 
on the large scale was made by Sohloessing and 
BoUand in 1866, at a works near Paris. At the end 
of two years, however, the difficulties remained 
unsolved and the project was abandoned. Li 1868, 
Solvay, who had taken out a patent two years earlier, 
erected an experimental factory near Brussels ; as the 
result of perseverance, he secured the success of the 
process, and in 18.72 established a far larger works 
near Nancy. Two years later the process was intro- 
duced into this cormtry, under the Solvay patents, by 
Mond, continued by. Brunner, Mond and Co., Limited, 
at Northwich, where for the first time natural brine 
was employed emd other improvements were adopted. 
In 1866 the production by the Solvay process exceeded 
that by the Leblanc pooess, over which it has several 
incontestable advances. Hie use of brine from the 
pits effected a great economy that could not be 
shared by the older pocess. The Solvay process is 
deaner and the poduot purer. There is, of course, 
no sulphur to be recovered, but the chlorine from the 
salt is frequently wasted as calcium chloride. As an 
impovement in the process, ma^eeia is now used in 
some coses to liberate the ammonia from the mother 
liquor, the resulting magneBium chloride being 
subsequmtly decomposed by heat into magnesia (to 
be us^ over again) and hydrochloric acid. 

Before leaving the subject of alkali we must note 
that dectrolytio mechods of manufacture form an 
inoreasin^y important branch of the industry. 
Solutions of donomon salt are electrolysed in a special 
vessel, of whidi the Caatner rookmg cell is a type, 
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and oanstiio soda and ohloiine, both marketable 
prodtietB, are obtained in separate oompartments. 
When the process is modified so that the chlorine 
is allowed to come into oontcujt with the soda solution, 
chlorate or hypochlorite may be produced by 
employing hot or cold sblutions reepeotivdy. The 
value of chlorates has already been indicated ; 
sodium hypochlorite is used as a bleaching agent and 
as an in^^edient in one step of the manufacture 
of indigo. 
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COAL ANX> COAL GAS. 

Wb live in an age of coal and iron. Tho great war 
is waged veory nrnoli with ooal— or rather, what we 
get from it — and iron ; on the manipulation of these 
substances by engineers and ohenust's the produc- 
tion of munitions of war largely depends. Some of 
the cold we tise to smelt the iron ore and to fashion 
the metal into oonveooient form for our use. When 
we have won the iron we can use it, scrap it, and use 
it aga-in many times, but the ooal once used is 
dertrtroyed for all time. The world’s annued production 
of this valuableminerali^obably exceeds 1,335,000,000 
short tons, and it is utilised (1) as a domestio fuel, 
with which we are all familiw ; (2) as a source of 
mechanical and electric^ power t^ugfh the agency 
of steam ,* (3) as a reducing agent in certain ohemio^ 
and metallurgioal operations ; (4) for the production 
of oohe in ovens ; (6) as a source of gas for illumi- 
nating and heating piuposes and of many other 
valuable products. 

The induenoe of sdentifio thought on the second of 
these uses is well known, though perhaps its extent 
is not always clearly recognised. For more than 
hcdE-a-oentu^, steam engines were designed to meet 
the requirements of coal as a fuel. It was the bed- 
rock of the art of engineering. The abundance of 
ooal gave impetus to invention and the modem steam 
engine is the result of the co-operation of physicists, 
ohenaista and mathematicians, with the praoti^ engi- 
neer. As a reducing agent in applied chemistry and 
metallurgy ooal its^ is less used than coke. The 
ironmaster is a great oonsunoer Of coke-oven, coke as 
a reducing agent, cuod it has found an important use 
in the manufacture of water gas and producer gas. 
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The first, a znixture rioh in hydrogen and carbon 
monoxide, is obtained by passing steam through red 
hot coke ; the second, a mixture of carbon monoxide 
and atmospheric nitrogen is fonned by the similar 
treatment of carbon dioxide produced by the com- 
bustion of coke. Although water gas hw a much 
greater calorific power tl^ producer gas, it is not 
economical to mi^e it alone, because the reaction 
between the coke and the steam is endothermic and 
the coke chamber must be heated externally to main- 
tain the requisite temperature. Dowson gas and 
Mond gas are mixtizres intermediate between water 
gas and producer gas, made by combining the two 
processes and passing a mixture of steam and air over 
the red hot coke. When the coke cools during the 
operation the temperature is raised again by oixtting 
o£E the steam and allowing air alone to pass through. 
The use of these gases for heating purposes is very 
economical and finds extonsiye application. 

As one of the most striking examples of the influence 
of soienco in industry, cool gas manufaotxire demands 
oonsideration in somewhat fuller detail, treating of 
the distillation of a highly complex body from which 
the chemist has obtained a vast variety of useful 
substances. The history is intetastixg also as an 
illustration of a development of pbilosophiool experi- 
ment. In the seventemth oentruy the pursuit of 
scienoe was tho hobby of noany men of learning and 
partioularly of the clergy. Tire Bev. Dr. Clayton, 
rector of Ckofton, distilled gas from coed and oolleoted 
it in a bloddeit ; the foot being communicated, in 
1688, to tho RoyeJ Society by Boyle. In 1760, Dr. 
Watson, Bishop of LlandafP, not only distilled gas 
but conveyed it in pipes from one pl^ to anotl^. 
The credit, however, is given to an engineer, William 
hfurdpok, for ihe first suggestion that coed gas should 
be generally emi)loyed for lighting piuposes. In 
1792 he conveyed it from iron retorts thorough tinned 
iron and copper pipes, tapped at intervals, a distanoe 
of 70£t., lighting his house and offices. His early 
experiments wore carried out at Redruth, six 
years later he Ughted the Soho foundry of Beaton and 
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Watt, at Birmingham. In 1790, Le Bon oommmoed 
BitwflftT eiroeriments in Eranoe. In 1807, after one 
aide of FaU MaJl had been lighted by Winsor, a Bill 
was promoted in Parliament to anthorise a company 
for the supply of gas in London ; in 1810 an Act was 
passed for this purpose, and two years later a charter of 
dnooipomtion was granted to the Qas light and Coke 
Company, still by far the largest gas undeortaldng in 
the worldL Westminster Bridge and the Blouses of 
Parliament were lighted in 1813, and from that time 
the practice of gas lighting spread rapidly in all 
civilised countries. 

The gas industry is rasentially chemical, though it 
was formerly entii^y controlled by engineers. There 
was a time when gas mgineers were dunnolined to 
show much appreciation of the oheimoal sheets of 
the u^ustry. Ih some works the chemists, if any 
were employed, were exclusively relegated to the 
laboratory for routine testing without any opportunity 
ot acquiring experience in la^e scale operatioaos* The 
remuneration and prospects of such chemists were so 
poor that few wor^y of the name could be induced 
to remain long in such employment. In many 
important wor^, however, chemists acquired the 
essential knowledge of the engineoring side of the 
industry, led the way in the introduction of improved 
methods and efEeoted devdopmentB of a far-reaching 
character, ^eoially in the profitable utilisation of 
material hitherto r^iarded. as waste and the manu- 
faoinue of new products. 

Enormous quantities of coal are subjected to 
destructive distillation to obtain its numerous and 
valuable decomposition products, of which gas, tar, 
ammonia and its salts, coke, apd gas carbon^ are made 
on a htig6 scale and all consumed. The gas provide 
light and heat, whUst the tar, useful in many ways in 
the crude state, gives, whaa distilled, benzene, tolTiene, 
solvent naphtha, carbolic acids, naphathalene, anthra- 
cene, and many other substancra, which in thieir turn 
yield, in the hands of the technologist, a host of further 
. useful bodms, including eaplosiveB, d;;^, disinfectants, 

, and, drugs. Htoh, the raddue of tar distillation, is 
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used largely in the manufeoture of patent fuel 
provides excellent material in road mejdng. AtriTr^ n. 
nia is employed in medicine, in the laboratory, and in 
cleaning cloth, and there are many uses for its salts, 
e^eoially the sulphate, a valuable fertiliser. Gkus 
carbon, a hard, compact substance, is used by electrical 
engineers in the operation of arc lamps and fur- 
naces, and as a fhel in making producer gas. 

The purified coal-gas of commerce roi^^y consists 
of — ^hy^ogen about 50 per cent, by volume, and 
marsh gas or oarburetted hydrogen about 85 per cent^, 
carbon monoxide 5 per cent., heavy hydrocarbons 
'5 per ,cent., and nitrogen 5 per cent. As it issues 
from ^e h^^atilio mains, which receive the vapour 
from the ascension pipes from the retorts, it is not 
at once ready for delivery to the consumer. Besides 
its ^ential constituents, it contains substances 
such as condensable hydrocarbons, ammonia,, carbon ' 
dioxide, carbon bisulphide, sulphuretted hydrogen, 
cyanogen, and cyanides, some of which are of sufiGioient 
value to pay for their extraction, aU being undesirable 
impurities on account of their reducing the heating 
power of the gas or of the objectionable oharaoter 
of the products of their combustion. These bodies 
are therefore removed by condensation by cooling, 
** scrubbing ” with water, and by passing the 'gas 
over suitable materials. The operation of sorubbing 
with water or with aqueous liquors from the hydraulic 
mains removes the ammonia and pert of the carbon 
dioxide. The gas then passes into a chamber 
containing moist _^aked lime, where cyanogen com- 
pounds and the remainder of the carbon dioxide 
are removed, the former in a stote from which they 
cannot be recovered. Their recovery from the gas, 
however, can be efiocted, when desired, by a pre- 
liminary treatment with oxide of iron bmore the 
gas passes through the lime chambers. 

Alter the lime treatment the gas is led over moist 
oxide of iron, or Weldon mud, for absorption of 
the sulphuretted hydrogen, ihe material when 
spent being revivifl^ by action of the air. The 
gas next passes over sulphided lime — the substance 

X) 2 
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foannsd by the. action of siilphuretted hydrogen on 
Blaked lime — to eliminate carbon bisulphide, and, 
finally, Tindergoes an extra oheck treatment inth 
oxide of iron, or Weldon mud, to remove any traces 
of sulphuretted hydrogen taken up from the sulphided 
lime. Subject to passing the prescribed tests for 
illuminating and heating power, the gas now passes 
to the holder — ^in ordinary parlwce the gasozneter— 
and is ready for the public supply. 

It is obvious that science is re^onsible for such 
a process of purification. There is scope for chemistry, 
pn 3 r 8 iC 8 , and mechanics in every step. 

We have stated that the pipes from the retorts 
convey the vapour to the hydraulic main, where it 
is partially condensed, arid the liquid condensing 
forms two layers, coal tar and aqueous liquor. The 
latter is uppermost, and contains ammonia and other 
soluble bodies, l^e tar was for long the bugbear 
of manufacture, its disposal being a difiioult 
problem, but now it is of such value that the in4ustry 
of tar distillation has grown to be of . great importance. 
;It is distilled in large iron stills, the vapours evolved 
from , wluch are condensed, tha distillate being 
separated into fractions as follows First runnings 
up to 105 deg. Cent. ; lig^t oil from 106 to 210 deg. 
Cent. ; oorbolm oil from 210 to 240 deg. Cent . ; creosote 
oil from 240 to 270 deg. Cmt. ; ftnt.hrftnfi ny oil from 
270 up to 1^6 pitohmg point, tViia laat temperature 
bein g^. d etermmed by tl^e quality of pitch desired. 
The first runnings form two layers in the receiver, 
''co n sistin g of ammoniacal liquor and crude naphtha. 
These are s^arated, the former being added to the 
bnlk of ammoniacal liquor, the latter being reaerved 
for snbaequent tr^tment; The aeoond or li^t oil 
fraction, cojasistii:^ mainly of hydrocarbons of the 
benzme senm, is. first re«distilled, yielding first 
r ron m gB, wMoh are added to the exude naphtha 
from the original tar first runnings, and last runnings 
. which ara worked up trath the oarbolio oil. 

The cnide naphtha ‘ 18 wcufiied with oaustio soda 
solution to remove phenol in an easily recoverable 
■ form ; theri with strong sulphimo acid, whicdi dis- 



TO OHBMIOAI/ SCIENOB 


89 


solves bases and unsaturated bodies, and oarbonises 
other impurities, forming substances of a heavy, 
tarry nature, and finally another soda washing is 
given to remove the residual sulphuric acid. The 
spent sulphuric aqid is used in the ammonia plant 
for the production of sulphate of ammonia. The 
naphtha so far purified is next redistilled from an; 
iron stiU. Two fractions are collected — crude benzol 
up to 140 deg. Oent., and solvent naphtha from 140 
to 170 deg. C^t., the residue in the still being reserved 
for addition to the carbolic oiL From ^e crude 
benzol are obtained by further acid and alk^ washing . 
and careful fr^ionation, foreininnings of' benzol, 
containing benzene, toluene, carbon bisulphide and 
thiophenes, commercial and pure benzol and toluol 
^d solvent naphtha. B^izols and toluols are used 
by the dye manufacturers, and at the present day in 
enormous quantities in the manufacture of eaqilosives^ 
benzene being the starting point in one process 
for making picric acid, toluene being the matei^ 
jfrom which T.N.T. is made. Solvent naphtha is 
used as a solvent for india-rubber, the h^er boiling 
portions containing naphthalene, forming a fuel for 
naphtha lamps. 

The carboiio oil is treated by cooling to separate 
naphthalene, and subsequmtly washmg \nth a 
solution of caustic soda,, which ditasolves the carbolic 
and cresylic CMids. These acids are recovered by 
neutralising the solution with sulphuric acid, when 
crude carbolic acid and sodium sulphate are formed, 
the former being subsequently worked up for pure 
carbolic acid and cres^c acid, both used in the 
manufacture of dym, disinfectants, and eacplosives. 
A modification of the above method is that Imown as 
the West-Kni^t and Gall process, whereby the 
oil is treated with a znixture of sodium sulphate 
solution and lime for the production of sodium 
*'carbolate” and sulphate of lime. The solutioh 
is worked up as before, the sodium sulphate bemg 
utilised again for with mere linae. Tim 

insoluble oil is either mixed with the lif^t oil.or ip 
worked up for naphthalene. 
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OreoBote oil is of value as a source of naphtfubleine* 
and for preserving wood from the action of -the 
weather and destructive insects. Naphthalene, once 
a waste product, is now used largely in the manufewi- 
ture oi dyes, being the pueht substance of artificial 
indigo, as an insecticide, and in other minor rdlea. 
Anthracene oil is the source of anthracene, a condensed 
hydrocarbon of the benzene series, from which the 
alizarin dyes are made. 
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Ohapotbib IV. 

DYES, EXPLOSIVES AND CELLULOSE. 

Thb invention of dyeizxg has been attributed to the 
Phoanioiana, probably because it is ohronioled that 
Solomon sent to Hiram of Tyre for “ a man cunning 
to work ” inter alia “ in puiple and crimson, and blue.** 
The Tyrian purple was derived from the throats of a 
species of murez, a molluscous animal, a single drop 
ftW each. Other dyes from animal substances 
include s^ia derived from the black secretion of the 
outtlefbsKj, and cochineal which oonsists of dried female 
cochineal insects, discovered by the Spaniards in 
1618. 

The importance of the dye industry is not so muoh 
in the value of the dyes as m the vast interosts of the 
textile industry with which it is so intimately 
assoomted. At a hi^ estimate this country does not 
use ahnu^y dyes to the vtdue of £2,000,000, or, say, 
less than Is. per head, presiuning the rise to be 
confined to the British Isles ; but the various industries 
aOected exceed in annual viJue a sum of £200,000,000, 
and the labour involved in dyeing and printing 
processes is not far short of 2,000,000. dearly then 
we cannot aSord to be dependent on other countries 
for supplies of zxiaterials of this kind so long as we have 
the power to produce them ourselves. It is w^ 
Imown that the Qovernxnent has now ^ven active sup- 
port to the industry ; and we may rejoice that Biitish 
Dyes, Ihnited, and other Briti^ dye conoecms are 
makiiaggood progress towards its firmer establishment. 
Even before the outbreak of war, progress had been 
xnade in certain directions towazds suooeasfiil com- 
petition with the Qenoans, and since the war, by the 
aid of sdenoe, discoveries have been made which, in 
the view of the enemy producers, were calculated to 
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defy our diemiats for at least ten years. Compared 
mth the period occupied by the Qermaais in. dis> 
oovering artificial indigo — about thirty-five years and 
an expenditure of over £1»000,000 — ^the taunt may be 
fjtirpm as a compliment ; but in two years from the 
discovery of artificial indigo 426,100 out of 766,900 
akires of plantations want out of cultivation. It was 
first sold in 1807 and in the course of a few years drove 
the natural dyestuJBE out of the markets of the world, 
being oidy about one-third of the price, and the busi- 
ness passed from India to Germany. 

The history of the subject covering the consideration 
of all the dyes known would fill volumes exceeding in 
bulk the Encyolopsp'dia Bxitannioa.’* The number of 
dyes revealed by science and the substances which 
science can fore^ with certainty would form djres, 
and the myriad derivativee of known colouring 
matters, would run into many thousaiLds, though 
800 to 1000 should be more than sufficient for sdl 
praotioal purposes. 

The eotifidal dyes have several adyanteges over 
'natural products. The rang^ of shade for ainy colour 
can be extended and grad^ by the employment of 
suitable materials in a TffanTiOT tl^t cannot be attained 
by using the natural dyes the purity of artificial 
u much greater, cmd the total cost of production is 
conaid^bly less. On account of this superiority of 
syn^tic dyes, the culti^tion of indigo madder, 
8^ the trade in cochineal have been almost completely 
overshadowed. Both indigo and madder have been 
investigated by scientiflo men, and the composition 
and nature of the (^estuffis deterznined. Further 
researches hhye led to the disooyei 7 . of methods of 
synthesia of these substances, not only interestmg 
from an academic point of vi^ but capable of holding 
their own and beating Iheir natural protot^es in 
, commercial competition. The use of cochin^ has 
been largely replaced.byjshe discovery and utOisation 

^o^red d;^ which imitate the coj^ very closely, 
.siidh,' itor example, as Biebeiioh scarlet. The most 
imporl^t material tised in the ecmomioal. manu- 
faetuxe ^ ihd^ is napht^ial^ obtained from . 
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creosote oil fraction of the tar distiller by cooling, 
washing the oiystals produced with alkali and wi^ 
acid, and diat.illing or subliming the product. Other 
mgr^ents are chloracetic acid and sodium hypo- 
chlorite, the preparation of which provides one of the 
numerous outleto for the elementary chlorine of the 
alkali manufacturer. A short sketch of the method 
of Heumann will not be out of place. 

Naphthalene is converted into phthalic anhydride 
by heating with sulphuric acid and mercuric sulphate. 
The phtholio anhydride in turn is transformed into 
phthalimide by heating under pressxire wirii ammonia. 
By the action of sodium hypo^orite on phthaUmide, 
onthranilio acid is product and this substance, when 
treated with chloracetic acid, yields phenyl glyoine- 
oarbbxylio acid, which by fusing with alkali, di^olving 
the melt in water and passing a stream of air through 
the solution, yields indigo blue. This complex series of 
operations Iim met with complete commercial success. 

Alusarin, the dyestiifl contained in madder, is marie 
from anthracene, onother coal tar product, by the 
action of sodium bichromate and smphuric acid to 
form antliraquinone ; this is tranbformcrl by the action 
of sulphuric acid into onthroquinone sulphonio acid, 
the sodium salt of wliioh when fused with soda and 
a little potassium chlorate yields a compound of 
alizarin containing sodium, from which alizarin itsolf 
is mode by the octioa of acid. 

Bioborioh scarlet, one of the naphthol azo dyes, 
a very important group, is, like indigo, prepared from 
naphthalene as storting material. 

These three examples serve to show how the 
laboratory and the factory have replaced the cultiva- 
tion firid. There ore also ^thoxisonds of new dyes 
prepared from benzene, toluene, and oarbolio c^d, os 
well as many others from naphthalene. The name 
*' coal tar dyes,** however, is rather misleading to the 
uninitiated, for it seems to imply that the dyes exist as 
suoh in the tar and only need extrootion. What is 
meant, is that the raw materials ore found in the tar 
and need to be transformed before anything of the 
nature of a dye can be produoed. 
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The reooveiy and utilisatian of these products 
in the znanner iridipated is a great achievement. The 
first imn wn ooal tar colour zosiuveine was made from 
ftTiflinfl by PerloTi in 1856* aniline having been 
discovered by Unverdorben, thirty years earlier^ by 
distilTing ind^o. 

Dyeing. — ^I^e processes of dyeing and oalioo 
' printing are definitd.y chemical a^ depend entirely 
on scientific control. Dyes are transparent and the 
efieots they produce vary according to the light 
refieoted by the fibres of materials before they are 
dyed. Obviously, therefore, black cannot be dyed, 
and such colours as red, blue, and yellow can only 
be dyed in the same hues, unless the, material, as is 
possible in the case of velvets and velveteens, be 
previously bleached. White refieots all rays and 
is essential as the basis for bright dyes. There rnust 
be chemical combination between the colouring 
matter and the cloth, and the dye must be dissolved 
in a solution having a weaker afBnity for the colour 
than the cloth, while for economical working there 
must be accurate adjustment between these relations. 

‘ Wool has a stronger afSnity for dyes than aillr, cotton, 
or linen. The solutions used must be varied as 
occasion requires. The choice of dyes for a given 
material involves the consideration of , fastness to 
washing, and the action of light. Oertain dyes will 
fix tizmiselveB directly to oertain fibi^ but not to 
others without the use of mordants. The mordants 
commonly employed, such as tannin, and the oxides of 
iron and aluminium, were discovered empirically, 
but science has explained their action, while resear^ 
has odntributed to the discovery of many new khids 
of colouring matter. In the art of dyeinig the neglect 
I of science is mainly responsible for the loss incurred 
by spoiled and impoverished mateorial. 


EXFLOSXYOS. 

. From a brief review of one of the most interestihg 
arts of peace we will pass to one of tite prin<^^ 
industries of war. The methods of production of 
e^osives are so closely allied to those of the coal 
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tar dyes that without muoh modifioation of plant 
the dye maker can turn his attention to the war 
indus^. We will not go so Ua as to suggest that 
the development of the dye industry of the Qermans 
was part of their plan of preparations for war, 
but . they have undoubtedly bean able to toke 
advantage of the. existenoe of their great factories 
for fine ohemioals and dyes in this connection. From 
^ the discovery of pulvie fitlminans by Boger Bacon 
in the thirteenth century, the invention of gunpowder 
and guns by Swartz, the monk of Cologne, in the 
fourteenth, and the first use of cannon in ships in 
the sixteenth century, there was little development 
in the science or industry of explosives until the 
nineteenth century ; then, of . course, the need for 
explosives in mining and ^igmeering was far in excess 
of that for war. Our present business is not to 
moralise, but to indicate with caution what science 
has done for an industry, the foundation of which 
lies in the realisation, by soientifio men, of the causes 
of explosion. An explosive compound or mixture 
is one that can be converted exothermically and with 
gi^t rapidity into gMeous products which at the 
high temperature attained would occupy at ordinary 
pressure a much greater space than that occupied 
. by the original compound or mixture. The enormous 
pressure generated by sudden expansion oonstitutos 
tlu. explosive force, and Ihe principle involved has 
led to the utilisation of the explosive nature of a 
number of Bubstanoee- possessing this property which 
mi^t otherwise have been overlooked. For instance, 
it is not at all easy to bring about the explosion, of 
trinitrotoluene, or T.N.T.' It is a rdativuy stable 
substanoe ; but a study of its nature and comparison 
with piorio acid, a similarly constituted body of 
known explosive properties, would lead one to suppose 
that it could be detonated by percussion. 

In 1882, Bracoimot demonstrated the fonnation 
of on explosive substemoe by the action of nitric 
amd on wood fibre, and in 1846 Sohdnbein obtained 
gon-ootton by treating cotton with a mixture of 
Bulphiuio and nitric acids. Its manufacture^ however, 
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though started ia several foreign countries, was not 
successful, the production being unstable 
dangerotis, owing to lock of care isMthe details of 
the operations involved. Sir Frederick Ab^ showed 
not oiUy that must the starting material, cotton 
waste, bo cart‘fully solectotl, but that thorou^ water 
wosliing after nitration was an important factor. 
The instability of the Sohonbein material was due 
to the presence of freo acids. The introduction of 
centrifugal driers and of paper pulping moohines for 
breaking up the cotton fibre facilitated the wash- 
ing process, and reduced tho risk of manufac- 
ture. 

Gun-cotton is used for a variety of military 
' purposes, such as filling subterranean and submarine 
mines and torpodora, and it possesses the great 
advantage that it con bo oxxdodod when wot, although 
tho wot substantK) is sofo for handling, transportation, 
and storngu. Wlion <lry, it is exploded by a pruner 
of fulrainnto of morciuy; when wet, a primer of 
dry gun-cotton i« used. Tlio explosive power of 
gun-cotton led to attempts boing made to use it as 
a propellant, but gun-cotton, as such, is not suitable . 
fur tho purpose because its explosion is vory rapid, 
violent, and uncertain. Attempts to “ tamo *’ it by 
golatinisatioik with certain organic liquids met wi& 
HuccosH in tho sinokeloss powders of Walter P. Boid, . 
and Vioillo. Thu most rornarkablo result in this 
direction, however, utis ooliieved by Alfred Nobel, 
who profluoed a homogonoous mbctmre pf gun-oot^ 
and nitroj^ycerino by the evaporation of a solution 
of those sulMttanccs in aeotono. By the modem 
development of this method, gun-cotton, nitro- 
glycerine, ond a small quantity of mineral jelly are 
mixed well with acetone, and tho resulting paste 
is Hquccsxid through jots to form continuous cords, 
which, when dry, have tho appearance of ootgutv , 
This is cordite, tho propellant explosive used in 
firearinM of many aorta and sizes. .1 

Nitroglycorino, montionod obovo, was discovered : 
by Sobroro, in 1847, but its explosive pipperiw 
wore not ntilisod until its value was recognised by 
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Nobel. It is a fairly heavy oily liquid, detonating 
violently by perousaion, when struok a sharp blow, 
or suddenly heated. On account of these propensities 
the substance, as such, is seldom, if ever, employed 
at the present time, but is converted into a s^er 
form by incorporation with some inert materi^, as, 
for example, magnesia alba, or kieselghur, the 
product in the lattw case being dynamite. In this 
form, although a certain amoimt of danger . still 
attends its use, it is much safer than in the free state. 
Sometimes nitroglyoerine is incorporated with an 
explosive diluent, as with collodion cotton, to 
produce blasting gelatine, a body with explosive 
power exceeding that of nitroglyoerine; while a 
mixture of thinly gelatinised nitroglycerine with nitre, 
woodmeal, and a trace of soda, gives us gelatine 
dynjEumite, another useful blasting agent. Explosives 
of this class, Tjsed largely in mining, quarrying, and 
civil engineering operations, have been specially ; 
develop^ by KobeTs Explosives Company. 

When we come to consider the class of substances 
used for the bursting charge of shells, it is difficult 
to give any individual the pi^t for their first applica- 
tion, or, shall we say, “ give the devil his due.’* 
ISiorio . a^, the oldest of these, was discovered in ' 
1799 by Welter, and its nature as a derivative of 
phenol was elucidated by Laurent in 1842. Preparations 
of pioiioaoidare used by various countries, as a military 
hi^ explosive xinder such names as lyddite, shimpse, 
ai^ mdinite. Its great disadvantage is that it forms 
very sensitive, and highly explosive salts when left 
in contact with metalB for any length of time. . This, 
drawback is not shared by T.N.T., which has come so 
much into use during ^e war. The . substitution 
of T.N.T. involves a loss of explosive power, but this 
is more than opunterbalanced by ihe advantages 
gained. It is uiaed both alone and in conjunction 
with other mbstances such as aluminium powder ap.d 
ammoniuTn, nitrate. Such a mixture is armnonid, 

. a ^safp but very powerful explosive employed by the 
Austria)^. Another very violent eiqfiosi'^e is tetra- 
. rnttocmiline, discovered by Pleurschkm. It is not 




ve ry largely uBed« as the 'materials required for its 
manufMture are oomparativdly expensive. 

The 'whole industry is based on soienoe, aizid should 
be controlled by trained men of soience in every 
department. It has demand,ed its toll of hunaan lif e» 
in spite of extraordinary precautions s but without 
science that toll would have been far greater, and 
certain it is that without the search for knowledge, 
the desire to experiment, and the power to apply 
the knowledge gained, such cua industry oould not 
exist. 

OBLLULOSB. 

OeMuloae . — Cellulose bdongs to the daas of sub- 
stances known chemically as carbohydrates. All 
carbohydrates coosist of carbon, hydrogen, 
oxygen, the second and last occurring in the same 
proportions as in ^ter. 

Cellulose is not afEeoted by ordinary solvents, but 
is attacked by strong sulphuric acid, sridding a 
starch-like body o^ed amyloid, and is diseolved by 
ammonieMal solutions of copper salts, from which 
it CEUi be precipitated in an amorphous form by. the 
addition of acids. This property constitutes the basis 
of one method of making artificial silk.'' It may be 
mientioned, incidentally, that when heated to 200- 
220 deg. Omt. with caustic potash, oellxiloae is broken 
down mto oxalic add, and large quantities of that 
add are made m this way. Sawdust is fused with 
potash in iron pans ; the mdt when cold is extracted 
with waller, end the ocalio add is predpite^ted as the 
insduble cddum salt from which it is subsequeniiy 
liberated by the action of sulphuric aoid. This 
process, which was discovered 1^ Qay-Lussao in 1829, 
add was fibrst employed on the manufacturing scale 
by. Bale' in 1866, is far cheaper than the older method 
of oxidising sugar or starch with nitrio add. 

The cellmosaindius^ is hdd to indude the mapn- 
faoture of cotton, linen, pap er and pastebpacd, and 
hemp and jute artides. We do not claim mu^ in 
the way of debts to sdenoe in conneotion with the 
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manufacture of cotton and linen, but will choose 
paper and pasteboard for our purpose^ and then refer 
briefly to artificial silk and celluloid. 

Paptr may be regarded as one of the civili- 
sing agents in the existence of man. It is diffi- 
cult to imagine what progress the world would 
have made without it. The early history of paper 
is obscured by conflicting records. It is believed 
to have been used in China long before the Greeks 
and Bomans ceased to uso papyrus, but according 
to M. Terentius Varro, a voluminous writer contem- 
porary with Cicero, the invention was devised at 
Alexandria on the conquest of Egypt by Alexander 
the Great (b.o. 331). It was in uso in Arabia over 
1000 years ago. and the Crusaders are said to have 
brought the industry to Europe. The earliest MS. 
on cotton paper in the Bodleian Collection in the 
British Museum is dated 1040, while one on the same 
material in the library of Paris is dated 1000. Paper 
made of Unen rags was in use here in 1170. The 
Moors are credited with having introduced the 
industry into Spain, where 12th century specimens 
still exist. The first paper mill in this country was 
established by Tate, in Hertfordshire, in the reign 
of Henry VII.. who visited it. and the first important 
one was started at Dartford. in Kent, in 1088. or 
thereabouts, when Queen Elizabeth granted a 
monopoly, for gathering rags and making paper, 
to Spiehnann. the Court Jeweller. 

Until the end of the 18th century paper was mode 
by tearing and beating rags to pulp in a ihnohine. 
dipping a wire sieve into the puli^, transferring the 
mass to a felt and pressing it in moulds of various 
sizes. About 1800 a Frenchman devised a method 
of making it in a continuous web, which ho introduced 
into Bngkmdt where it was steely improved until 
about ISOO. by which time, for all ordiu^ purposes, 
it had superseded the old hand-made method, 
although the lattar is still employed for bonk notes, 
bonds, ledgers, and important documents. 

With the introduotion of machine-made papers 



the output has been vastly increased, the cost reduced, 
and the variety extended to such a degree that there 
are now probably more than 20,000 kinds. In 1820 
the machines produced paper at. the rate of about 
40ft. per minute ; the most modern can now exceed 
600ft. per minute. Before 1860, paper consisted 
almost entirely of rags, but about that time an 
T?lngTiHhTnftTi introduced the use of esparto, Macrochloa 
{or Stipa) tmaoiaainnat a grass also employed for making 
mats, nets, baskets, &o., of which the consumption in 
paper-raaking is normally about 200,000 tons a year, 
at £4 to £4 lOs. per ton, e^ost all of it coming to this 
country for the production of fine printing papers. 
Over 400 different materials have been tried in the 
industry, but rags and esparto are the chief for good 
papers. Since &e year 1880, chemical .wood pulp 
has been used as the chief material for Tniddling 
kinds, and more recently meob^oalwood — ^made by 
arushing wood between rollers or by pressing ' it 
against a grindstone-mixed with varying quantities 
of chernic^ wood pulp, has been employed for the 
cheapest newspapers and oomoxon prmtings. 

Science has played an importwt part in the 
development of the paper indus^. The mtroduotion 
of cheap bleaching agents such as chloride of lime 
to wl)i(^, CM a by 'product of the Leblanc process 
we have already referred, has effected - considerable 
improvements and economies, while utilisation of 
esparto and wood has been made prcmtlcable only 
by sdenrifio research, the processes evolved from whi<m 
we will now outline. 

. Wood fibre is a li^ocellulose, a bompound of 
celluloBe and a complex substance called lignone, 
which CMts apparently as a binding material. The 
forest wood is deprived of its bark emd cut cxoross the 
^nin into small chips, which , are deemed and then 
boiled at high tempereture, under pressure, in a 
> solution of caustio soda. Frozh coniferous wood the 
. ^eld of cellulose is about one-third of the weight 
of the prepared wood treated, the other two-thi^ 
being taken up by the alkaline sdution. . The caustic 
soda required, amounting to about 20 per cent, of 




TO CHEmCAL SCIENCE 


61 


the weight of the wood, is recovered by evaporating 
tibie spent liquor, incinerating the residue and treating 
a solution of the ash with lime. The organic matter 
in the residue, on burning, provides a good deal of 
the heat necessary for evaporating the solution. 
The process, however, has one disadvantage in the 
fact that a proportion of the cellulose destroyed 
by the action of the strong alkali. In order to obtain 
letter yields two modifications have been introduced 
comparatively recently. One consists in the sub- 
stitution of sodium sulphide for the caustic soda, 
the sulphide being prepared on the spot by the reduc- 
tion of sulphate of soda with the lesidue obtained 
by evaporating the spent alkali. The cycle of 
operations is tiien completed by making up the 
working loss of sodium sulphide by the addition of 
sulphate of soda to the residue befoie incineration. 
The other modification consists in the application 
of an acid hydrolysing ogont instead of the alJcali. 
The acid substance eiltployed is a solution of calcium 
or magnesium bisulphite containing approximately 
4 per cent, of sulphur dioxide. This solution is 
prepared by passing pyrites gases up a tower filled 
with oaloite or dolbmito down which water is trickling. 
The cost of the prohess is slightly higher, but not out 
of proportion to the increas^ yield of oelluloso. 

The cellulose obtained by either of the methods 
is mashed to a pulp, washed free from adhering liquor, 
and bleached with chloride of lime and s^phurio 
add, before being utilised in the mantifacturo of 
paper. Those who are interested in this subject may 
be invited to study the scries of articles on Paper 
Making,” which ax^peared in Vol. OXX. of Thb 
EirOXNIDBa. 


** Artifidai SUk ,** — ^The production from cellulose 
of materials resembling silk is the result of many 

r *8 of scientific research and costly eoaperiinent. 

1889 the Oomte de Ohordonnet produced the 
first artificial silk by nitrating cellulose and dissolving 
the resultiiig product in a mixture of alcohol and 
ether, thereby obtaining a viscous liquid which he 
forced throu^ hol|M of very onoU diameter into water. 
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The threads thus produced were then subjected to 
the reducing action of anunonium sulphide and con* 
verted into an amorphous cellulose having the 
appearance of s^ 

The method now extensively used is that devised 
by. OroGB and Sevan, who have contributed largely 
to the existing knowledge of the chemistry and 
teohnolo^ of cellulose. The starting material, 
wood pi^, is treated BuooesBivd.y with oaustic soda 
solution and carbon bisulphide, the viscous mass 
thus obtained being forced throu^ small apertures, 
from which are pr^uced filaments which are spun 
into a fine maten^ also closely resembling sUk. 

OeB/uloid — a very useful substitute for horn, 

' tortoisedidl, ivory, Ac. — ^was first made in 1869 
by treating nitroo^ulose with camphor and alcohol. 
Its infiammability, however^ has proved to be a 
very serious drawback, attempts to overcome which 
have met with some success. By the substitution 
of acetate of cellulose for cellulose itself in the prooesi^ 
a nonduflaiTimable product — sic'oid or omon — ^is 
formed which for some purposes is more useful 
than celluloid. 
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Chapteb V. 

OILS, FATS AND WAXES. 

Oils may be divided into : (a) ftTiimal, including 
whale and fibah oils, stearin, whioh is mainly obtained 
from beef and mutton su^, and neats>foot oil from 
the feet of cattle ; (5) vegetable, such as oliye. linseed, 
cotton se^ maize, pedm, rape, castor, and turpentine, ■ 
and esMntial oils ; and (c) mineral oils, so-o^led, such 
as TOtrolemo, ozokerite, and shale. It is difBoult to 
make a sharp division, however, for the reason that 
some are obt^ed from more than one of these sources ; 
for instance, stearin exists in the vegetable kingdom, 
and petroleum is certainly derived the products 
of long Bubmerg^ fish life. The teur oils we have 
already noticed in dealing with coal and coal gas. 
Among the most useful substemcee at our disposal 
oils are employed as fuel, illuminants and lubricants, 
and provide us with material for food and medicine, 
as w^ as for the manufacture of paints and varnishes, 
polishes and perfumes. 

Oil has been defined as a neutral fatty substaiuje, 
liquid at ordinary temperatures ; but although we are 
not satisfied with the definition, we will not attempt 
to improve upon it, prefenihg rather to proceed with 
our t8«dr of indicatd]^ the influence of science in the 
vast field of industry involved. That infiuenoe has 
been more marked in the direction of improvement 
and adaptation rather than of new and striking dis- 
ooveiy. In some oases, however, soientiflo princi p les 
have been applied to the fundemental processes of 
oil production, with the result that substances at one 
time ignored as' velueleBS have become the source of 
products now regarded as indispensable, while the 
stnenoe of geology has rendered ineetiznable service in 
locating and surveying souroeB of mineral oil ; indeed, 

B 8 ■ 
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et knowled^ of eoonomio geology is essential to all 
: xnjning engineeis;- f 

' The world’s output of petroleum before the war waa 
probably not fu short of 350,000,000 barrels of 42 
gallons, of whicJi about two*thirds were produced in 
the United States. Dame Hature seems emdous to 
rid of it as if it were the offensive exudation of a 
deep-seated abscess. If nothing could be profitably 
extracted from it we might well wish to remain in 
the bowels of the earth, counting it nothing but a 
nuisance when it came to the surface. Science can 
at least ^laiTn to have made it useful, seeing that by 
the process of fractional distillation tins disagreealfie 
natural substance can be made to yield in enormous 
quantities such valuable products as illuminating gas, 
mbtor spirit, cleaning spirit, kerosene or lamp' off, 
wax, vasdine, and a viscid residue used as, 


fuel. The crude petroleum itself would be useless for 
any of the purposes to which its derivatives are 
appli^ mai^y on account of its highly volatile 
constituents, which are a source of danger in transport 
and storage, owing to the inflammable nature of the 
vapour arising from it. The crude oil is conveyed by 
pipe lines, m some oases over a distance of seveml 
hundred miles, to the r^nery, where it is distilled into 


temperature . fractions. Tin ligh^ fractions are 
purified 'by washing with sulphuric acid, alkali and 
water; while sulphur, when 'it occurs in objeotioimble 
* quantity, must be removed by means of copper oxide. 
Amring higher fractions lubricating oil is purified, 
.by filtration throu^ animal charcoal. . . 

The .lig^te^ fr^tipn, oymogene, which requires 
special coding and j^wessure for its oondsnsaition, is 
. used in ice-making .machines. . Other fractions 
obtaiu^are x'higolene, the fflummant used in the pen- 
tane standard lemp^ahd asalocalanAsthetio msurgery; 
gasolene, employ^ for the oarburation of water gas 
for illuminating pyuposee, for making air gas,” 
ae a advent ; ff^in, also a solvent ; benzine or petrol, 
whoch supplies us' with motor ^hit ; and kerbadte or 
Jam^ off. Among other products may be .ihentioned 
paraffin wax, which, with an admixture of steaxio 
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ia used for themaoofaoture of oaxxdles, solar oils, 
various grades of iKbnoan-ts, and vaseline. The, 
quanthy of lighter fractions can be increased if 
desired by the " cracking ” of the more complex 
bodies. 

Astatki, the residue from the distillation of Bussion 
petroleinm, yields, on distillation, an excellent illumi- 
nating gas, besides quantities of benzol, toluol,^ 
naphthalene, anthracene, and pitch. 

The shale oil industry, fomoded by James Yom^, 
of Kelly, in 1851, which. produces valuable quantitira 
of illuminating and lubricating oils, ammonia, and 
paralBSn wax, depends in a similar manner on soienti&) 
operation^. 

We nlftim less for sdenoe in the extraction of 
and yegdtable oils, which has been 
practised sinoe time inoonemorial, but must place to 
the credit side of the account the responubility for the 
differentiation and cleesifloation of such oils, the 
sdection of their most useful appHoations, with 
methods of purification and of onalj^ and valuatiott. 

Vegetable oils, such as linseed oil — a so-called 
drying dl— and turpentine ore used as vehicles in the 
manufacture of paints emd oil vamishea. The paint 
industry has derived great benefit from science in the 
discovery and application of new pigments, end in the 
imjprovement of the older methods of making pig- 
mmts. Turpentine is ^e starting material for the 
' irianufaoture of artificial' camphor, a synthesis that is 
a credit to organic chemistry, and althou^ the 
artifioied product cannot as yet be made to compete 
with the natural substance, it renders good service 
in hewing down the price of natural camphor, of which 
the production is praotioEdly mo:uopoliBed by the 
Japemese. Other vegetable 'oils, such ^ oU^ oil, . 
rape oil, mmze oil, and castor dl, are em|dcnred as 
lubricants, whilst some are good illuminating dlls. 

The essenttol oils, of whToh oil of tuTp^tine is an 
exampler are vegetable oils used in many cases as 
perfumes. There are three methods of winning the 
esseh^d oils t (1) by distillation with steam; (2) by 
pressms of the plant snlwt^ and (8) by extraotioa 
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with (tuitabte solvents. Soienoe has entered larg^7 
into the essential oil industry by finrting the con- 
stitution of many of the odoriferous pzinoiples, which 
h&ve. aftenvards been successfully made in the labora- 
tory from simple materials. In some oases, where the 
actual substances have not been made, very close 
imitations have successfully competed with the 
natural products. Examples of the first are tdrpinol, 
which is theimportant constituent of Lily of the Valley, 
emd coumarin, New Mown Hay and Jockey dub ; 
whilst in the second class we have such substances as 
ionone' and nitrobenzene substitutes for essence of 
violets and oil of bitter almonds respectively. 

SOAP AND CANDLES. 

The soap and candle industries must now be 
r^;arded as ofEdioots of the oil industries. JTheir prigin 
is remote, but it was not until 18^,' wlien Ohevreul 
published his remarkable fesearohes on the composi- 
tion of . oils and fats, that an3rthing was known of the 
true nature of the processes involved in their manu- 
facture. Nowada3a the chemist should be in para- 
mount control of their production. The recovery .of 
glycerine, which at one time fiowed into our rivers 
and .streams as a waste product, was a scientifio 
achievement of far-rea<^bung importance, as we have 
indicated in our remarks on explosives, while its use 
in medicme is considerable. Incidentally we may 
mention also that glycerine, mixed with water, 

S ants evaporation and freezing, and this property 
application in the meohaniam of gas meters. 
Both aiyxnal and vegetable oils are used in the 
manufacture of Soap and candles. When fats and oils 
— such as tallow, palm oil, gliye oil— :^re boiled in large 
cast iron pans with caustic. AUcali, th^ becomh decom- 
posed and yield an alkaline salt of the fatty add — soap 
and glycerine. The excess of alkali and ^e glycerine 
are separated by the cddition of a solution of common 
salt ; the soap, being insoluble in the brine, rises to the 
top, and is l^ed out OBi a granular curdy soass, run 
' off into'frames — ^boxesr-to cool and solidify. . Hard 
soaps, shch as curd and yellow soap, are compounds 
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with soda, ooTvaiating of about 26 per cent, of water, 

7 per cent.' of soda, and 66 per cent, of fatty acids, 
with, in the case of ydlow aoap, a small percentage^ 
of reem. Soft soaps are compounds with potash, or 
potash and soda, with fatty amds derived from dr 3 ^g 
oils, such as whale and oils, linseed, &o. With 
regard to the Water content of hard soap it has been 
rumoured that, sinoe soaps oontaming as much as 
90 per cent. ^ water . have bem encountered, it 
appears to be the aim of some soap makers to cause 
water to stand upright. 

CANDLES. 

The old.t^ow dips, prepared by dipping a wick 
r^eatedly into melt^ twow, gave rise, on burning, 
to a pimgant substance called acrolein, produced by 
the decomposition of the glycerine combined in the 
tallow. Modem candles are without this disadvan- 
tage, as they contain no glycerine, the free fatty aoids 
from which they are niade being liberated from the 
fat either by the hydrolytic action of sulphuric acid, 
aeJffy precijpitation of the lime salt and its subsequent 
decomposition with sulphurio acid. The fatty acid — 

6. g;, stearic or paJmitic acid — so prepared is melted emd 
cast round about wicks in moul^ of pewter or tin, -or 
somerimes of glass, supported in a wooden frame, the 
upper port forming a trough. The wicks ore arranged 
taut, the wax is poured in, cooled with water to solidi- . 
fioation, and removed as candles. All sorts of waste 
fats, such as those from wool washing end g^ue making, 
ore used for mak^ candles, the free acid being 
extracted by treating the fat with sulphuric acid. 

These industries furnish exiunples of tiie utilisation 
of waste products. The soap used for deansing 
purposes in yarn mills is recovered by precipitating 
the soap from waste liquids with lime, and pressing 
the predpi^te into briquettes, from which suflident 
^ can 1 m obtained by distillation to light tlie mills.' 
■Efforts are at the present time being made to recover 
fat &pm sewage, mainly for the. sake of- the glycerine 
content. V 
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EDIBLE FATS. 

The invention of bntter substitutes, now popularised 
by prevailing conditions and the need for the exercise 
of economy, is due to the chemist. These substctnces 
are coxnmonly made by mixing intimately a solid 
fat, such as stearin, i^th some veg^ble oil, 
such as cotton seed or cocoaiiut oU, and millr. The 
UTO of s<^d animal oil for this purpose absorbs some 
of the raw material formerly available to the soap 
maker, but the defloienoy has been made good by t^ 
conversion of the plentiful supply of vegetable oils, 
such as olive oil, into solid fats by hydrogenation in 
the presence of finely divided nickel, to which we 
refezi^ in dealing with that metal. 
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Ohapthb VL 
LEATHEB. 

Up to the olose of the eigh^teenth oentor^ the 
fxrogresB of industry wee alow but aure, much of it 
bas^ undoubtedly on the workings of great minds 
and patient inventive genius, and muoh again on 
chanoe discovery ; but the nineteenth century 
marked an epoch of development, definitdy hastened 
by the advance made simultaneoualy in mechanical, 
physical, dhemiocJ, and biological science. Yet when 
we consider aU that was done in ancient times, for 
example, in the. winning of metals, in the dyeing of 
fabrics, in agriculture and the domestic arts, we 
are forced to marvel at the vast amount of knowledge 
and experience, commonly referred to as empiricism, 
accumulated for centuries before the advent of 
modem soienoe. We are also convinced that there 
is no finaUty in the matter, and that what appears 
to be ideal to-day wiU be improved upon to-morrow 
or the day after. 

An ancient industry is '^e manufacture of leather, 
which had. seemingly reached the highest degp»e 
of cfEloienoy centuries ago if one noay judge by exist- 
ing epeoimens. To the modem chemist, however, the 
subject is open to farther investigation, involving 
problems directed to the speeding up of productioxi 

aims not ea^y attained, as msny have learned ,&om 
personal exp^enoc; In fact, one of our leadimg 
authorities has recently expresrad the opinion that 
the science of this important industry is but in its 
infancy. We are reassured, however, by the statement 
that the work of Phsfessbr TSL B. looter and the 
Leather Department of the Uxiiversity of Leeds, was 
largely the factor whi(^ rendered it possible for the 
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nation to supply the enojfmously inoreased demand, 
lor the military equipment of the Allied Armies, 
including boots, b^ts, leggingB, saddlery, traces, 
dressed sheep skins, and numerous minor require- 
ments, besides the driving belts of the munition 
factories. With such a demand to meet, the price 
for the time being of leather for furniture, port- 
manteaux, gloves, book-binding, and parchment is 
naturally hi^. 

The processes whereby raw hides are converted 
into useful and durable materials by treatment with 
various solutions, of substcmces of animal, vegetable 
and sometimes mineral origin, are distinctly chemical 
and biological. They are investigated and explained 
by resecunhf and mo^ed and superseded by better 
processes, so far cu the incnrease of knowledge admits, 
while accidental impurities of a hatnoful nature in 
the liquors, employed can be traoed and their presence 
avoided. 

The hydrochloiio acid washing given to hides 
that have been unhaired by lime; to free them ^m 
that substance, is clearly an operation of a scientiflc 
natxne, and is also the chemical investigation of the 
water supply, the qu^ty of the water being important. 
The science of bwr^ology has. rendered invaluable 
assistance in furthering our knowledge of puering— 
the proc^ of softening hides jHdor to tanning. 
The changes involved in the old process of .treating 
the unhai^ and washed hides with an infusion of 
dog-dung have been investigated very thoroighly by 
soientido. methods, and have been shown to be Ihe 
result of bacterial action. Patents, founded on this 
knowledge, have been taken out for thia use of 
artifUual oidtures of bacteria instead of the obnoxious . 
infusion referred to. Some of these methods give 
excellent results, and would doubtless be more gener- 
ally adopted were it not for the conservatism of the 
workman and his dislike of the trouble necessitated 
by a change of procedure. 

Tim oldest method of treating skin and hide for 
the purpose of j^reservatibn in a flexible state, which 
ooDfiisted in kneading with fatty substances, is of 
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historic interest only, though ohamois leather is 
still prepared with oil. Next in ohronologioal order 
comes vegetable tanning, still very extensively used, 
the tanning liquor being an infosion of some bark, 
0 .^., of oak or willow. Up to the end of the eighteenth 
century the prepared hides were simply soaked in a 
strong infusion of the tan, but about tlmt time Seguin, 
a Frenchman, introduced a method for soaking the 
bides successively in tan liquor, or ooze, of increasing 
strength, the untanned hide going first into the 
weakest, the oompletely tanned material being taken 
ieom the strongest liquor. By this means thorough 
permeation by the tcm liquor was ensured, and the 
quality of leather considerably improved. This 
method was patented in England by William Desmond 
in 1796. 

Sir Humphry Davy investigated the process of 
tanning with useful results, indicating -^e natiure ' 
of the action between the hide and the tanning 
material, but only recently has science obtained a 
hearing in the industry. The reason for this is not 
far to seek; the chafes involved in tanning axo 
exceedingly complex in character, and depend to a 
large extent upon the properties of substances in a 
colloidal condition. Examples of this state are to 
be found in solutions of g^tine and starch having 
properties different from ordinary solutions, such 
as that of sotting with the formation of a jelly. 
The scientific study of the colloidal state is now being 
more vigorously pursued, and as our knowledge 
of it increases we may expect further advances in 
the leather industry. 

Mineral tan^^ of which alum was the first 
knoi^ are also of mterest. The “ tawing *’ solution 
contains alum and common salt, the latter serving to 
counteract the swelling of the Mde produced by the 
free acid in the alum solution. Salts of the metals 
iron and chromium, chemically similar to aluminitun, 
have been used for tanning, and although iron salts 
have no application as tEumages at the present time, 
^irome tanning is a very important indu^ry, founded 
and reared upon scientifio knowledge. Many patents 
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Iiave been taken out» including those by Ejoam in 
1868t by J. W. — latOT Sir J. W. — Swax 4 ' by TLcin^- 
zerlL^ in 1879 (the £hst conunerciaUy successful 
process introduce into !E!ngland) and that by 
Augustus Schultz, a New York dye works chemist, in 
1884. Valuable scientido work has also been done in 
tliia branch by Eitner and by Procter. A soft and 
durable leathw oan be proddbed which will fix an acid 
dye without & mordant. 

Leathor cloth substitutes for leather, used for 
covering furniture, foe bookbinding, stationery coses, 
pocket books, and many other useful articles, are 
also produced under scientidc supervision. This 
industcy, however, with that of linoleum and similar 
material, might have been dealt with as branches of 
the oil industry had we attempted to deal more 
comprehensively with that subject. 

Apart from skins and Iddes there are other products 
of the daughter-house, such as horn, blood; hair wd 
bristles, waste wool and the like, £r^ which valuaible 
chetmio^ such as cyanide are produced. Glue, too, 
is made from the chippings of hides, horns and hoofs, 
which are washed in lime-water, boiled, skimmed, 
strained, evaporated, cooled in moulds, out into 
convenient pieces and dried on nets. The processes 
are nowadays supervised by trained chemists. 
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Chaithb VII. 

HujuBSH 

BitnsBJEB* formerly oommonly called caoutohoucr 
was origiiially imported from French Guiana. It 
was obtained from the Siphotvia elastica, and 
from Brazil, from the /SipAonia or Hevea Bnmlien- 
sist hUea hreoifoUat tbrou£^ the port of Para, 
sod later from the daskai» or india-rubber 
tree. It was first brought to Europe in the early 
part of the eighteenth century, but it many 
years before its usefulness was realised. Priestley, 
the discoverer of ozygen, sugg^ed its use for re- 
moving pencil marks and, in 1701, Samuel Piat 
obtained a patent for making waterproof fabrics by 
dissolving caoutchouc in spirits of turpentine. 
Hancock, in 1823, and Macint^ followed on si^milar 
lines, but the invention of the vulcanising process by 
Charles Gk>odyear, whereby the addition of sulphiu* 
gave it the consistency of horn, marked the starting 
point of still greater developments. 

The rubber industry has recognised the importance 
of soientifio. control, by botanists and chemists, in 
planting, cultivation and tapping, with consequent 
increas^ yields. Ghemists examine the latex, and 
supervise its drying and preparation for use. The 
variability of tensile strength is largely dependent on 
the size of the globules in the late^ which is valued 
accordingly. No standards of purity have been 
established, but fine Para is generally considered 
Bupmor to other v^eties. 

For nearly sixty years oheniists of all countries 
have: devot^ much time and labour to its synthetic 
production in the laboratory. In 1860 Greville 
'WHliamB isolated a compound, which he called 
isc^fHT^, from the products of the distillation of 
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natural rubber. Nineteen years later, Bouchardat ' 
showed that a suhstanoe very closely resembling 
rubber could be r^roduoed from isoprene by the 
action of strongi hydrochlorio acid, and that by the 
action of heat alone isoprene yielded ttnrpentine. 
The work of the Erendh chemist was cotuSnned, in 
1884, by Professor — ^now Sir — ^William Tilden, who 
suggested a formida for isoprene, which sttbsequently 
proved to be correct, emd also obtained isoprene from 
tiupentine. Later, these researches formed the basis 
on which the synthetic rubber industry was foimded, 
though German chemists, who have also done good 
work in this field of investigation, lay claim to having 
established principles the credit for which was clearly 
not due to ihem. Among other British chemists who 
have contributed to the investigations on the subject 
.may be mentioned I^fessor W. H. Perkin, Dr. 
Shrange, and Dr. F. E. Matthews. Two chemically 
different rubbers axe produced : isoprene -caoutchouc 
a^ butadiene-caoutchouc. The raw materials, 
isoprene and butadiene, are obtained from a variety 
pf substances, including turpentix^, isopentane (from 
the rhigolene fraction of Amedoan p^oleum), coal 
tar (the snat^al from this source being para-crosol, 
one of the homologues of carbolic aoid), starch and 
cellulose. ' The raw material is' converted into 
. oaoutchouc by niethods, involving (i.) polymerisation, 
by heating under pressure with a suitable substance 
such as acetdo aci^ and (ii.) polymerisation, by the 
action of sodiiuxL The latter method, discovered 
almost sunultaheoxisly by F. E. Matthews in England 
and Horriee in Germany, is the more convenient 
and gives the greater yidd, although the resulting 
product does not vulcanise so well as that from the 
former method. All this is progress.. As in the case 
of indigo, science, if successful, will help one form of 
. industry to the detiizhent of. another ; the scientific 
work on the plantations tends constantly to increased 
yields and economical working, andl.the artificial 
j.ubber has not as yet displaced the natural either in 
j^s.prbperties or in cost of production. 



TO CHEMICAL SCIENCE 


65 


CSAfTEB Vm. 

MORTAB AND CEMENT. 

Thb simpleet and moBt anoient oementitious 
material is, mnd« which is still used, reinforced by 
sticks and grass, by African, natives in the ooxistruc- 
tion of their huts. Ordinary mortar is made of 
lime, and sand intimately mixed together. 
Science has shown tliat there ia- no chemical union 
between the lime and sand ; that the sand acts 
simply as a diluent, preventing undue shrinkage, 
which occurs when lime is used alone ; that the sotting 
is due to loss of water, and that the hardening is 
caused by the go^u^ formation of interlacing 
crystals of calcium carbonate, which effectively bind 
the material into a coherent mass. 

Loj^ before these facts bod been established, 
experience had proved that a pure or fat *’ lime 
pr^uoed a better mortar than an impure lime. In 
the case of hydraulic mortars and cements, however, 
the knowledge of their structure and action was 
indefinite rmtil 1887, when the researches of Le 
GShatelier were published, though a fairly systematic 
investigation of the nature of hydraulic mortar or 
rather of the hydraulic limestones employed in its 
manufacture, was made about the year 1756 by 
Smeaton, whilst searching . for the most suitable 
binding material for the foundations of the Eddystone 
U^thouse, which he been oonanussioned to 
rebuild. He consrilted ms friend Oookworthy,. a 
chemist, who instructed him in the analysis of lime* 
stones, and he found that clay was an essential 
constituent of a hydraulic limestone, the poor Hnr>fl 
obtained on burning it being far superior to fat lime 
for making niortar intended to withstand exposure 
to water. 
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‘ Ceznente are ms^ by beatmg in a furxiaoe an 
intiTnate mixture of limertone or chalk and clay to a 
temperature at which olinkering takes plaoe. The 
product is broken up, finely ground, and put xipon the 
market as cement. “ Boman ’* cement was first made 
by James il^wker in 1796, by heating aigillaoeous lime- 
stone containing, already mixed, the two necessary 
ingredients. The manufacture of PortkuidL cement 
was founded on attempts to imitate Boman cement, 
using a mixture of lime and clay inst^d of the 
argillaceous limestone. Nothing was imdeorstood 
of the why and the wherefore of the process, and 
often the b^ part of the product was rejected in 
the uBslekeable portions. Ghemioal action in tlie 
furnace was unt^u^ht of, and even when it was 
evident to soientifio men and duly published, con- 
siderable time elapsed before the manufa>oturers 
took advantage of the efiorts of science towards the 
furtherance of their industry. It is now known 
that chemical action between the limfl and the clay 
in the furnace effects the formation of silloate and 
aluminate of calcium. When the cement is treated 
with water, these, compounds ore decomposed with 
the production of slal^ lime, and the acids derived 
froni silica and alumina. These substanoes again 
interact, with the formation of the hydrated silicates 
and alimlinates as interlacing crystals, giving tenacity 
to the preparation, with the result ihat first setting 
.and subsequently hardening take plaoe, ^ese 
phenomena being merely s^es in one jorooem. 
Thus the researches of chemists have established 
facts which have been most serviceable to the cement 
maker in inoreaBing ^e effipienoy of his product 
through, the ohoibe and. treatment of the best 
matefifds. 

We owe more than, this, however, to the ptudy 
of the bhemistiy of cement.,^ It remained for chemists 
to, show the dangerous e&ct- of certain impurities, 
sui^ as . m a gn esia, in excess, and sulphates, on the 
rsaistanoe. of cement to the attack of water. Such 
isnbstanoes miust be carefully excluded within wsQ- 
defined limite. When cement is used to inake 
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oonorete foundations exposed to sea iiroter, the maw 
must be either very compact and impervious, or 
be covered vdth an unpenetrable stone facing, for 
the reason that sea water contains sulphates and 
salts of magnesiiun in plenty, and, consequently, 
if penetration by the water tal^ place, the cement 
decomposes and the life of the sirocture is oorres* 
pondingly shortened. 

It is obvious that for siioh a substance, on which 
the stability of costly buddings and structures so 
largely depends, the provision of a definite standard 
specification became a necessity. The British 
sWidard Specification was formulated in 1904 by a 
^b-committee, appointed by the Engineering 
Standards Oommittee, including engmeero and con- 
tractors, chemists, architects, manufacturers, and 
representatives of ofiScial bodies using large quan- 
tities of Portland cement for public works. The 
specification provided for both chenuoal and mechani- 
cs tests, and, altbou^ subsequently modified in 
the direction of improving the quality of the cement 
supplied under the specification, remains essentially 
the same to-day — a definitely scientific safeguard, 
accepted alike by producers and users. 

We have indicated how the explanation of scientific 
phenomena tends to improvement in manufacture, 
and it is interesting to note that a reason has been 
advanced for the use of straw in the of bricks 

by the Israelites. It is not a suitable binding material, 
but Aoheson has shown that clay is rendiered more 
plastic by the addition of tannin, and that an extract 
obtained by soaking straw in water produces the 
sanie efEeoi. The laraeUtes complaint, therefore, 
of the hardship of working with less suitable materials, 
while they hod to produce the same tale of bricks. 
Possibly use of grass aadsts in the same way the 
African nativee in making their mud huts. 
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CEA7TBI& IX. 

RBPRAOTOBY MATERIALS. 

A MAiHBTATi is termed r^ractory when it resists 
the ordinary treatment to which materials of its 
class are subjected ; it may be a mineral which does 
not yield rea^y to the hammer, or an ore not easily 
reduced. In recent times, however, the term has 
become speoifiJly associated with substances that will 
resist eoonomio^y the temp^tuie of a furnace, and 
the corrosive action of othw Bubstances with which 
they come into contact. Refractoriness may, there* 
fore, be a vice dr a virtue, according to (drcuxciAtanoes, 
and a given material may be refractory in one process, 
but break down easily if employed in another. 

Theincreaseddemandfor refractory materials during 
the war, partiindarlyintheiiaanufaoture of steel ood 
glaw, has shown the need for further scientifio investi* 
^tiom Experiment on the lar;^ scale is costly, 
especially if carried out in an nwflfflftntJfln maimer. 
T^ help of chemists is therefore essential in deter* 

. Tn i ning toe composition and toe ohemioal and physical 
propertiee of such substances, having in view the 
purpo^ to which they are to be applied. The 
work is not confined to the investigation of known 
refractories, but is extended to the discovery and 
utilisation of new refractoriee to cope with the oon* 
ditions created by their enoployment in hi^ tempera* 
ture furnaces. 

Having selected a suitable material, from the 
dhemioal point of view, it is necessary to ascertain 
whether it will withstand, without shrinkage, fusion 
or softening — and consequeht defonhation — the 
temp erature required for the desired reaction. The 
refractory ^^t will last for ever has yet to be found, 
but that wito the longest life is the most economical. 
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provided the aaving efleoted by the increased length 
of life — ^renewals being lees frequently required — 
plus the saving of time end labour, in more continuous 
running of the fumaoe, is proportionate to any 
additional cost. The subject has long been treated 
more or less soientifloally, ihe older refractories 
being classified into acid. ba£^, and neutral materials. 
As examples of the acid class we have fire-clays, such 
as ganii^r, the highly siliceous material lised for 
lining acid Bessemer converters ; in the basic claas, 
such substances as lime, magnesia, and calcined 
dolomite ; while among the neutral refractories we 
may include gas carbon and graphite. These mate- 
rials have proved eminently suitable for some pur- 
poses, but with the use of the electric fumaoe we 
require substances still more refractory, and in recent 
years science has provided a number of them. 

Carborundum, the extremely hard and refractory 
carbide of silioon, was first ma^ in 1861 by Aoheson, 
who obtained it by heating graphite with sand in the 
electric fumaoe, and it is now employed as a refractory 
lining for such furnaces, besid^ being useful as an 
abrasive. ^ It has also been incorporated with cement 
to give grip to susfekoee, as on staircases subjected to 
considerable wear. Other modem refractories are 
alundum — ^fused aluminium oxide — m'Knnn, fused 
silica, sdroonia, and artificially made graphite. Qm- 
oibles of graphite, intimately mixed with stiffioient 
clay to give mixture coherence, are far preferable 
for mac^ purposes, and much more durable than those 
made of cuaiy alone. 
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Ohaftbs X. 

GLASS AND ENAMELS. 

Thb manufacture of glass dates from the first 
^ period of Egyptian history. Egypt, the instructor 

of the world in so inany o^, possess^ in very early 
1 times craftsmen skilled in making, blowing, oobiir- 

ing and cutting this most remarkable and useful 
) material. The industry survived through the vioi8< 

[ situdes of the country tmtil tlie time of Tiboritis 

(a.z>. 14-41), who brought Egyptian glass workers to 
Rome, whero the art flourished imtil iho decline of the 
empire, during which the principal centre of rnanu* 
facture woe transferred to Byrsantium. The valiie 
attached to gloss by the anoionta is indicated by the 
droumstance that ihe industry was always supported 
and encouraged by the most powerful and influential 
rulers, migrating with idieir power from one country 
to another. However, at we time of the fall of 
Constantinople it had become establiahed in various 
centres, of wJdch the chief was Venipe, where it soon 
r attained such proportions as to give occupation to 
over 8000 persons. 

In the Middle Ages the indust^ was devdoped in 
Germany and, Bohemia, especially in the latter country, 

, ^ which, owing to the native supply of pure quartz, 

ultinaately Btq)erseded Venice as the source of the finest 
glass. Inl 870 glass making mve employment to 30,000 
workers in Bohdnia. The invention of ^ass mhWs 
■ ' . ■ has been attributed to the Germans, the original 
• method bemg to back the gl^ with polidied xnetaL 
; Glass was fl]^ used for windows. in England about 
; ' the . end of the eleventh century, and was made here 
< i.ihvGie fiReenth, but with little sdooesa until about 
j ; } / : ' 1667, when J^ench ariasans were employed in IxMidon. 

p'; : ; ^ , In 4670 Venetian workers were brought over to make 
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the heavier and finar kinds, and in 1771 the indhsti^ . 
became more Qrmly established by the formation of 
the British Plato Glass Company, whose successors 
are still in existence at St. Helens. 

The scientific study of glass was first made on the 
placed its tnmspevency, permuxenoe, and the 
absence of crystalline structure with consequent 
. birefringence, combining to render it an almost ideal 
matori^ for the construction of the essential parte of 
optical instruments. In fact, the science of optics, 
with its manifold apphoations to speotades, micro- 
scopes, telescopes and spectrosco;^, owes its exist- 
ence to our possession (k glass, ^e first investiga- 
tions in the chemistry of the subject were made with 
a view to the improvement mid better adaptation of 
glass to optical purposes. Up to 1829 the only 
va^eties of optiod glass were soda-lime or crown 
glaffi, potash-lime or Bohemian glass, and potash-lead 
(» flint gls^ also known as orystal or strass^ these 
beu^ madto''from miirtures of fhe sflichtes of lihe 
metals indioateoL Before thht year Fr&unhfifer and 
Guinand had made enerimente modifying the com- 
position of crown and fiint glasses, and had produced 
I oompoimd lenses with a fair approach to achro- 
matism. In 1829, however, Ddbereiner produced 
glasses contoming barium anci strontium, metalB : 
closely allied to calcium, the metal contained in lime, 
and in 1834 Haroourt, in England, commenced a long 
series of reeeuches on the ]produotioh of new glasses,^, 
which — although the positive results obtained were 
of small value-~establi8hed principles subsequently 
turned to good account in the mani^aoture of special 
kinds for thermometers, laboratory apparatus, lamp 
obizoneys, optical instruments, ana many othm 
impoitwt articles. noct advance, an epooh- 

zn^dhg one, was begun about 1880, whim Sohott, a 
trained ohemist, the son of a We^hnlian glass mtdeer, 
was encouraged by Abbd to search for new and 
bettor optiom glass. His knowledge of .mineralogy 
seorved mm wall, for instead of prooeeding laboriously 
aloi^ the lines of naethbdioal research, he took (Jmost 
a dimt road to the desired goal, producing glass, con- 
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ta-ining borlo and phosphoric ozidee with alumina and 
bar 3 dia. Hioroaoopes designed for these new glasses 
proved perfectly aohroznatio, and in every way 
superior to the older kinds ; and this striking advance 
has doubtless contributed enormously to the useful- 
ness of the miorpsoppe, and of the microscope to 
industry generally. 

Sohott next turned his attention to the solution of 
the problems of tj^rmal expansion and volume tem- 
perature hysteresis of glass. Owing to its low thermal 
conductivity it is important that glass intended to 
withstand sudden changes of temperature should 
have a thermal expansion as sli^t as possible, in 
order to hold against the strain set up by unequal 
temperature changes, and so that the ri^ of cracking 
may be noinimised within reasonable limits ; the 
.range of temperature change varying inversely as the 
thennal expansion. Pursuing his investigations, 
Sohott produced borosilioate glares with exoeed- 
fi ing^y low coefficient of 'ex|)ahjnoh,' and capable of 
i resisting a sudden, temperature ohmige of over 190 
deg. Oent., whereas the ordmary Bohemian glass 
would scarcely withstand a change of much over 00 
deg. The borosilicate glasses have therefore been of 
'service for the construction of incandescence gas 
1 chimneys, and also of apparatus for laboratory use ; 
their slight solubility in oheniioal reagents con^tut- ' 
ing an additional advantage. 

Whena thermometer made of ordinary glass is heated 
to a temperature much above that of tihe air the glass 
bulb, on cooling, does not 'return immediately to its 
original voluzne, and may take months or even years 
to do so. Consequently if ihe bulb, before it has re- 
gained its original volume, is surrounded by mating 
ice, the thermometer will not register the true melting 
point, but a point, varying with the thermometer, from 
0.6 to 1 deg. Cent, below the correct temperature ; 
and lower temperatures in general will not be regis- 
tered oorreotly until the bulb has regained its orighial 
volume. This defect was largely overcome by the 
; results obtained by Sohott, whoM Jena nonnal glass 
16^^ and Jena borosilioate glass 69^, whm used for 
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thermometeTS, sliow a zaro depression of only about 
0. 05 deg> Cent, after heating to 100 deg. Cent. Owing 
to their infusibility, glasses of this type can also be 
used for nitrogen-filled thermozneters, registering up 
to about 575 deg. Cent. 

The list of new and useful, soientifio products might 
be much further extended if we were tio deal with the 
subject more thoroughly, but it would be regarded as 
an oversi^t if we omitted to mention fused silica 
j^assj a comparatively recent invention. Erom pure 
quartz work^ in the oxy-hydrogen fiame excellent 
is produced, having the prepay of withstanding 
a sudden change of temperature of over 1000 deg. 
Cmt. Being Inghly resistant to chemical action, it 
t^useful in i^ie lab^tory for many ptirposes for 
which platinum was formerly mzployed. 

Until the outbreak of war the production of glass- 
ware for use in clmmioal investigations was almost 
exclusively in the hands of Germany and Austria. 
Stocks were becoming speedily exhausted and the 
position woTild have become serious for many impor* 
tout industries if British chetnists had not promptly 
taken the matter in hand. They had not merely to 
imitate glasses previoxisly imported, but to find 
sobstituteB for certain ingredients of batch mixtures, 
notably potash, for which also we had hitherto been 
dependent on Germany and of which supplies were 
running low. The work of Brof^sor Bierbert Jackson*, 
in conjunction with the Glass Beseoroh Committee of 
the Institute of Chemistry, was especially successful, 
and, with the co-operation of a number of well-known 
firnas, laboratory vessels, such as beakers and ilasks,' 
emd all ordinary forms of apparatus are now produced 
in thte country, having qualities in some lespects 
superior to those of enemy origin. In. some oases, 
perhaps, the products have not quite the same fin is h 
as 'those of the eaqperienoed Gerzoan workers, but we 
are oonvinrod ‘that the defects are not radical, d 
that given 'time, the Bzitiah makere will not only equal, 
but excel tlm German in both quality and ‘teohniq'ue, 

■ ' ■■ ■ ■ _ ^ 

* Kow Sir Herbert Jookson, K.B.E. 
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la addition to tha needs of the laboratory., zncuay other 
of glass were required, cuxd the work was 
extended to the inveslagatioa of over forty varietieB 
for which formulas have been supplied to appr o ved 
firms. With shortage of labour and other eponomio 
diffionlti^ firms have undertaken with remarkable 
energy new bronohea of work which it is hoped they 
will be able to retain, in the future, in the face of 
competition from our quondam enemies. 

■ Yet another problem has been ^oessfully tackled 
by Professor Jackson for the Ministry of Munitions, 
viz., the treatment of clay used for xhaking vessels 
^ployed in glass production. 

For the production of optical g^ass eesential to the 
services, we, fortunately, had well-established manu- 
facturers, by whose preuseworthy endeavours the 
output baa been sufficient to cope with the greatly 
increased demand. Professor Jadkaon has supplied 
formulas for batch mixtures for severed impo:^nt 
varieties not hitherto made in this country. The 
difficulty of seourmg suppli^. of suitable sand had 
also to be faced, eind our zninereJogistB and chemists 
devoted attention to this question, with satisfactory 
results, the report of Dr. BosweU, of the ImperieJ i. 
OoUege of Science and Te<dmology, indicates tlmt we 
. possess natural resource which oem be utilised by otir 
' manufewturers to their advantage. Research work 
on refractories and electric furnace methods is also 
in progress at the National Phyaioal Laboratory. 

Xd the course of time an ent^rising firm, with the 
aid of chemists and from ixidigenous souroes, produced 
siq>plies of potash of hi^ quality in sufflcient btdk 
for the imperative requirements o£ gtosB makers, and 
this factor was of no srxxall oopsequence, since it is 
admitted that for owtphi glasses potash is praotioallj^ 

■ indispensable. , * 

the foregoing, it is evident that in spite of 
the antiquity of the indus^^ and the fact that good 
glasses for ordinary and bmamehtal purposes , were 
. produced independently' of modem . science, znany 
Ispeci^ giaasM owe their origin entirely to soientii^ 
iihvestlga^ix. It is not too much to say i^t .on the 
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poaseBsion of . such g^aaaes in time of war may depend 
the fate of many a good ship and many a good man. 
Who can say. then, how great is the debt, of the 
icidustry to scienoe and of the country to both T 

ENAMELS. 

The art . of enamelling is of remote origin. We 
have already referred to its application to ^ttery by 
t]^ ChmiMe. It was practised also by the Egyptians 
and Sitrusoans, passing in the course of time to the 
Creeks and Romans ; but we propose to deal more 
particuleurly with the enamelhng of metals, which 
appears to have been invented in Western Asia 
to have traversed Europe in the early centuries 
of the Christian era. The histcny of the subject is 
of absorbing interest to those who regard it as an art, 
and much may be gleaned from Bushell’s work on 
*' Chinese Art,” published by the Board of Education. 
The Chinee give the credit for its discovery to 
Constantinople; the sitnilarity between the methods 
of the Chinese and the Byzantine enamellers is held 
to support this opinion. We are oonoemod here, how> 
ever, with the utilitarian rather than the artistic 
applications of enamels. We use them in the manu- 
facture of badg^, watch and clock faces, and on 
surfaces exposed to weather (advertisements), on the 
bliEKles of e^baust fans, on baths and domestic utensils, 
and on vessels employed in chemical industry. 

An ordinary eneunel may be prepared from common 
glass fused with lead oxide, and rendered opaque by the 
addition of oxide of. tin. Colours may be produced 
by the addition of other metaUio oxides. Thus, from 
copper we obtain green ; from iron or gold, r^ luad. 
from cobalt, blim. Sznall quantities of mangon^ 
dioxide ^ve us a dne videt oolour and larger quanidtiw 
black. Eor the production of good colours, the 
purity of the raw materials is of the first importance, 
and. the enamel maker looks, therefore, to the help 
of the <hemist to ensure satisfactory results. If an 
enamel is to be pigmented with copper, the presence 
of thu metal in the raw: material will not be objeotion- 
able if its degree of oxidation is the same as that of the 
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pigment used. If the etnaznel is to be coloured green 
with cuprio oxide and that substance is present in the 
lead oxide used, the impurity is of smaU consequence ; 
but if the enan^ is to be coloured ydllow wi^ anti> 
mony oxide, the green produced by the popper 
impurity will spoil the e£Ee^. The presence of small 
quantities of ferrio oxide in the lime will modify the 
green produced by copper oxide, and is undesirable 
unless it be requii^ to tone the green colour, when 
it can be added to materials oziglD^y free from this 
substance. In any case, the quantity of impurity 
should be estimated and due allowance made for 
its effect. Much \may depend on the method of 
preparation of the pigment. For instance, cupric 
oxide may be prepaid by roasting copper fllinga in 
air. but the product will not yield nearly such good 
oqlours as the oxide ohetmically prepared from pure 
copper ; and again, the blue colour produced &om 
commercial cobalt compounds is greatly inferior to 
that obtained from chemically prepared cobaltous 
silicate. 

Of the methc^ of preparing chemical and heat resist- 
ing enamel for indusitiial plant little is common know- 
ledge. In some oases ^e coating consists of two 
layers, the first being devised to bind with the metal 
arid act as intermediary between the metal and the 
finishing enamel. Having in view the uses to which 
such vessels are put, there is plenty of room for 
further investigation, particularly on th e coefficients 
of eopansion . of various metals and alloys the 
relation of such pli3rsioal considerations to the 
composition of the enamels employed. The surface 
■TO na i ns good \mtil a craze appears, but once liquid 
gets to the metal the vessel begins to lose its coating. 
It is reassuring to know that chemical firms of long 
standing find British enamel ware, such as evaporating 
pans, at least as satiSfactOTy as that .from dermany, 
though our manufacturers, as is often the case with 
othw. commodities, have been less inclined to put 
ihemselves about to supply special requirements, for 
mstanoe, with regard to the shapes and sizes of the 
vessels reqxiired. 
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CHArmro XI. 

POTTERY AND PORCELAIN. 

Ths manufacture of pottery is yet another industry 
which hu been handed down from very early times. 
Pliny attributed the craft, in which the Qr^ks and 
Etruscans excelled, to Coriebus, an Athenian, but 
obviously it was of for greater antiquity, the potter 
being frequently referr^ to in ancient Egj’^ptian 
recoras to symbolise the Creator of man. The 
earthenware of the Qreelcs and Romans was imglazod 
and porous, but they rendered their vessels impervious 
by covering them with wax, tallow and bitumen. 
Tlie invention of porcelain is generally credited to 
the Chinese. It is mentioned in books of the Han 
dynasty, the earliest date sugg^ted being about 
186 B.o. Its origin has been attributed to attempts 
made to imitate gloss imported from. Syria and 
Egypt, and by some it is supposed to have been 
d^overed accidentally by alchemists in their 
search for the philosopher’s stone. The industry 
was started in Japan before 27 b.o., and found 
its way from the Vox East to Persia, where it is 
known os chinit coming to tie, in the ootrrae of time, 
throu^ Arabia, Spain, Italy and Holland, the 
potteries of Lambe'm being founded by men from 
Holland about 1640. Porcelain was mode in Prance, at 
St. Cloud, towards the end of the seventeenth 
century, and in nearly all European countries in 
the ei^teenth century. 

We can only marvel that such porcelain os, say, 
that of Ihd Ming D 3 ma 8 ty (1308-1643), with ^1 
the technique involved in the selection oi materials 
and its treatment, the craftsmanships colouring and 
gloKing, was produced before science, as we now use 
the term, had any voice in such matters. The 
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Cbiaese hard paste poroelain consisted of kaolin 
in a jmre and very findy divided state, andpetuntze 
(finely ground felspathio stone ) ; and the glaze was 
, made from seleoted petuntze mixed with specially 
prepared lime. 

One of the first Europetm makeirs of fine poroelain 
of whom we have records was ^Bdttioher, a Saxon 
ohemist who was placed in ohuge of the Meissen 
factory, established in 1710, the methods employed 
being kept secret. Pott, a Prussian chemist, en- 
deavoured to compete with hiTn, and althou^ his 
efforts were not successful, his res^rch e s on matoiala 
likely to be useful in' poroelain manufacture gained 
for the indust^ some helpful knowledge. About 
the middle of the eighteenth century 700 men were 
employed at Meissen, but in the meantime StSlzel, 
who escaped from the factory about 1720, founded 
the Austrian industry at Vienna, where 600 men 
weire employed in . 1785. Mention should also be 
made of the circumstance that William Oookworthy, 
ohemist of Plymouth, to Whom we have already 
referred in connection veith cement, found kaolin 
at Tregonning, near Helston, and took out a patent 
in 1768, which he worked at Plymouth for two or 
three years before establishing a factory at BristoL 
We must adznit that the olaimB of soienoe so far were 
. slender, and we do not propose to pursue the history 
of the subject farther ; but soienoe required for hw 
own pm^oses porodain resistant to chemical action, 
h^t, arid variations of temperature. The production 
of Boy^ Berlin basins and crucibles for the laboratory 
could only ,be secured by careful' sdeotion and 
' utilisation of the nuet suitable materials and much 
painstaking experiment. : Science examined the pro- 
' cesses. iem|uoyed and explained the changes involv^ 
^ while one notable oohiWement, vfa;, the discovety 
of means for measuring higdi temperatures, found 
direct application in the industry. The temperature 
. , of kilns IB a factor of no Uttle importance, and is 
usually determined by Ocmes made of oxides of irbn> 
'aluminium, and silirah. The softening points- of 
the cones are known with reasonable accuracy— -a 
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series of thirty-six aUowing for the observation of 
snffioieiit range of temperature in porcelain burning. 
As the temperatures exceed lOCO deg. Cent, ordinary 
thermometrio methods are not applicable. Tim 
series of cones could only be constructed and stan- 
dardised with the aid of physical science, which has 
provided Le Ohatdier’s thermo-electric p 3 n:ometer, 
Oallendar’s platinum resistance thermometer and the 
F4ry radmtion pyrometer. Their use in the stEui- 
dardisatibn of cones, however, is, of course,, 
insignifiocuit compared with their use in metal- 
lurgical operations. 

For supplies of porcelain for laboratory pur- 
poses this country has hitherto been mainly de- 
pendent, as in the case of g^s, on Germany. OuT' 
chemists have taken the matter in hand, however, 
and remarkable progress has been made by several 
British manufacturers. Biesearch on the subject of, 
hard porceledn is progressing, and there is good groimd 
for hoping that this bran(^ of the industry will be 
retain^ here in the future. 

The danger to workers of lead oadkle as a constituent, 
of glazes for earthenware has 'also provided a problem' 
for chemists. The employment of lead silioates 
instead of oxide, as suggested by Thorpe and Sim- 
monds, is less harmful ; and the lesKl glazes have 
been lugely superaeded in recent years by mixtures ' 
containing silica, alumina, polaah, and soda, with' 
about 10 per Cent.'~of boric acid to increase the 
fusibility. Where lead is 'ah essential constituent, 
it is applied in the form of silicate. 
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Ckastssb XII. 

CHEMICAL PRODUCTS. 

In our second ohapt^ we have dealt with the 
heavy chemicals aritl alkalies, and we will proceed 
now to oozunder the produQlion of other chemical 
substances of value in industry, or useful for 
domestic, znedicmal, scientific, or other purposes. 
The importance of this branch is so wide and 
fundamental that it is not too much to say that 
industry as a whole is largely dependent on an 
adequate supply of chemic^ ■ products* The field 
is so great that we cannot attempt to indicate all 
or nearly all the substance coming undo: this head, 
but ^ will choose a few ^camples of diSerent types, 
all rendered available by soientifio methods. 

Aoids . — Certain acids, such as tartaric, citric, 
lactic, oxalic, formic, salicylic, benssoio, acetio, 
hydrofluoric, boric, and arsenic ac^ are hot prepared 
on a scale comparable wii^' that of sulphuric, hydros 
chloric, and nitric, but their value in tec^cal 
operations and for oth^ purposes warrants their 
industrial production in a condition more or less 
pure, according to onroum stances. Tartaric and 
citric acids, fr(^ vegetable sources, and lactic aoid 
of animal ori^^, are used in calico printing. The 
first is an ingredient of baldng powders and e£Eer- 
vesoi^ medioinsB, such as ^i^tz powders, atid 
the second is used in the production of summer 
beverages. Oxalic acdd, which is prepared by heating 
' sawdust with a mixture of caus^ potash and soda 
' in the presence of air, is also used in calioo printing, 
az^ its add salts are valuable as del^gente, xmdd 
the name of salts of sorrel or salts of lihinozn ' Eornuc 
Mid is Tjseful in dypu^ and tanning, end it is interr- 
ing to.note that it was formerly obtedned by distilling 
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red ants, but is now made by heating caustio bo{^ 
with carbon monoxide under pressure. SaJioylic 
add, which is prepared from phmol, is used in the 
production of vario\is drugs, of which aspirin is an 
example, and is employed as an antiseptic. Benzoic . 
add, from toluene, finds applkationin the manu- 
facture of dyes and as a preservative ; aoetic acid 
in bleaching, dyeing, and calico printing, and in 
the manufacture of artifidd. vinegar. Hydrofluorio 
add, which is obtained by the action of sulphtuio 
add on fluorspar, comes on the market as an aqueous 
solution in gutta-percha bottles, and is used for 
etching glass as well as for antiseptic purposes. 
Boric add, from noineral sources, is valuable as a 
constituent of various kinds of gl^, and is used m 
an antiseptic and a food preservative. Arsenic 
add is employed in dyeing a^ in the preparation 
of certain aniline colours. 

Baaea . — ^Among the common bases we have caustic 
potash, caustic soda — ^with which we have already 
dealt— -strontium hydroxide, end magnesia, — alkaline 
metallic oxides capable of neutralising acids with the 
prodtiotion, by double decomposition, of salts and 
water, the noetals replacing the hydrogen in the 
adds. Caustio potash is prepared dther by electro- 
lysis of the chloride or by action of lime on a 
solution of potassium carbonate, that s^t being 
obtained from the chloride by a modification of the 
Leblanc process or by a method idoatioal in prmdple 
with the ammonia<«oda process, in which trimetfayl- 
amine-T-of which something will be said later — 
takM the place of ammonia. Eor some purposes 
the cheaper base, caustic soda, is equal in ^dency 
to the more expensive but more powerful potash; 
but for others the latter is more economical— or 
‘ instance, in the production of oxolio add from saw- 
dust on the large scale. Wbrn caustio soda alone 
is used, the yield of add is not more than a third of 
that obtained by the ixae of caustio potash or of a 
mixture of pota^ and soda. On tto othdr hand, 
in the analysis of flue gases, a valuable check on 
fuel economy, a soda solution of pyrogallio add isij 
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' a very miioh more raxud and efSoient absorbing 
reagent for oxygen than a potash solution of the 
same. Caustio potash deocmposes most metallio 
i seJts, and at a hi^ temperature acts with energy 
on many substances. It is employed in numerotis 
industrial operations, and is ordinarily used for the 
niahtzEaoture of mft soap, in which it is combined 
, -with the fatty aioidB denved from the drying oils, 
such as linseed, whale, and seal oils. 

Strontium hydroxide, prepared mainly from the 
.mineral sulphate, is largdy used in the extraction 
''iof the unciyBtallisable su^c from molasses. The 
native owbonate requires a higher temperature for 
calcination to oxide than does oaToium carbonate to 
lime. However, in certain sugar works, where fuel, 

. induding exhausted cane, is cheap, this process is 
.used for the production of the material. 

The use of inaffliLesia .in the ammonia-soda process, 
and also as a refractoiy material, has already been 
mentioned. . OonsidLerable quantises are consumed 
' in nie^cine as an_anti-aoid. 

SaUa . — ^The salte of technical importance are very 
numerous. Those of sodium, on account of their 
r cheapness, easy solubility in water, and comparative 
' harmlessnees, are in constant use in many iri' 
dustries, and are often interchangeable with 
potassium salts ; but in some cases the special 
properties of the latter yield better products for 
manufacturing purposes. Potassium permanga- 
nate and chlorate can be crystalliaed better 
than the corresponding sodium salts, and ore 
therefore obtainable in a higher state of purity. 
Potasrium niteate is used in the manufactine of 
ordinary gunpowder, whereu the use of sodium 
nitrate would be unpraotioable on account of its 
ready absorption of ateaoi^beno moisture. Potassium 
sulphate^ a constituiant of ordinary alum, occurs as 
iihe mineral kainite, and is valuable as a fertaliser. 
t Potessium f errooyanide andbiohrqmate ore ingredients 
. I ip the production of oertarn pi^ents, and ^ latter 
finds employment in tanning, and photography, aa 
well as in the cells of bichromate dibotrio batteries. 
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Both these salts are now largely replaced by the 
cheaper sodium compounds, owing to the stoppage 
of supplies from Oermany. A mixture of ao<&iun 
ftTid potassium cyanides obtained by heating potassium 
ferrooyanide with metallio sodium is us^ in. the 
MacAj^ur-Forrest gold extraction process. Sodium 
nitrite and hypochlorite are largely used in the pro- 
duction of dyestuSs, and. inde^. the fact that the 
former was hitherto obtained almost exclusively 
from Cermany formed no small obstacle to the 
manufacture of certain important dyes in this country. 
Sodium tluoBulphate — h;^o — is ■ used in bleaching 
as an aniudilor and in photography as a solvent for 
silver halides. Sodiom silicate — ^water glass — is used 
for pr^rving. eggs and also for protectmg carbonate 
stone building from the action of wea&ering. 

Ammonixma sulphate we have already mentioned 
as an aridfloial manure. The chloride is used in 
soldering, arid its solution forms the electrolyte in 
Leiolanoh^ cells. The nitrate is the source of “ laugh- 
ing gas,” and the commercial carbonate is oommoi^y 
the principal constituent of ” smelling salts.” 

li^tion must also be made of certain pwo^ 
compounds, some of which have attained oonsidOTable 
technical importance in comparatively recent times. 
Sodium peroxide is obtained by the action of hot air on 
sodium contained in aluminium trays. The per- 
carbonates and persulphates of soihum, potassium, 
add ammonium are prepared by methods of electro- 
ly^. Barium peroxide is msde by heating the 
oxide to a dull redness in dry air, free from carbon- 
dioxide, and is used in the manu&bcture of hydrogen 
peroxide, which, as are other peroxy compounds, is 
largely applied as a bleaching agent for cellulose r 
materials. 

The salts of barium and strontium sure very useful 
the former for producing green and 
the latter li^t. Magnesium sulphate is Epsom 
salts. Meroury salts, inoluding oalomel, are also em- 
ployed in medicine. Mercuric chloride or corrosive 
sublimate is an excellent antiseptio, and the fulminate 
is a useful explosive. Zmo .cMoride is used for the 

o 
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deatrnotion of insects and parasites, and other zino 
compounds aro of medicinal value. Oold, silver, 
and platinum salts are extensively used in photo- 
jgra]^^, and copp^, tin, and antimony salts in 
jdyemg emd calico priniih^. Copper salts are also 
important in the Deacon cUoiine process, in ^eotro- 
typing, in the mahufactuine of pigments, and the 
protec^n of whMt froxn smut. Lead carbonate, 
or white lead, is used in lar^ quantitieB in paint 
manufacture, and the asdde is an explosive body, 
which may be employed in percussion caps. Bi^uth 
and iron ^ts find good use in medicine, the sulphate 
of iron being also useful in gold extraction. 

Solventa. — Water, the commonest and most useful 
solvent^ cannot be discussed here for the obvious 
reason that under ordinary conditions it is not a 
chemical product from our point of view. Water 
purified by distillation, however, is a coihmercial 
article, aod mi^t perhaps be included. Among 
inorganio solvenfa, mention must bs made of ammo- 
niaoal copper solution for c^ulpse, and sulphur 
bhloiide, whichi is peered by the direct union of 
the elements and is a valuable solvent for sulphur, 
being largely employed in vulcanising rubber. The 
. common adds, such as nitric, sulphuric, and hydro- 
: chloric, are exc^ent solvents for metals and oxides, 
but the solution so obtained are not simple, the 
original metal or oxide not being recoverable by 
^merely eyaporating the solvent. Alcohol, or spirifa 
of wine, prepared by the rectificatloh of fermented 
liquor, is a valuable solvent in many ways, such as, 
.for inirtance, the purification of cert^ organic pro- 
ducts by crystallisation from aloohoUc solution. 

In manufacturing processes, substances, such as 
fatty oils, rubber^ and ^ulphinr, which are insoluble 
in water, are frequently, required in the form 
of a Boltition, and it re^ . with the oheihist to 
discover the bed; solvorts for such substances wd 
the methods of preparmg and applying, 

O^bpn diBul|>hMe, a volatile, poisonous, lughly 
refracting Ifamd^ heavier than wateor, was di^vered 
in 17B6 by Lampadius,,who obtain^ it by diRfa’lliiig 
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iron pyrites vnth carbon. As ordinarily met with 
it has a most obnoxious smdl, but when pure the 
odour is ethereal and not unpleasant. It occurs 
in the products of the destructive distillation of ooalf 
but is manufactured mainly by the direct imion of 
charcoal or coke with sulphur in retorts or in the 
electric furnace. Its uses are many; it dissolves 
sulphur^ gums, rubber, phosphorus, resins, essential, 
oils, iodine, and alkaloids. It is used sometimes for 
the extraction of fatty oils remaining in the residue 
after crushing seeds, being subsequently removed by 
distillation and us^ again. A solution of sulphur 
in carbon disulphide is used for the vulcanisa- 
tion of rubber. Its poisonous action has been 
utilised for destroying blight in grain without ill 
eiSeota — except to the blight ; and potassium thio- 
oarbonate — a compound of carbon bisulphide and 
potassium sulphide — ^is dcsiaructive to insects which; 
infest vines. On account of its high index of rofrao- 
rion, hollow glass prisms Med with carbon disuljphide 
are employed in sjpeotroscopy, A solution of lodlno 
in carbon disulphide is of use in certain ph^o^ 
experiments, for the reason that such a solution is 
opaque to rays of li|^t, while it transmits heat rays 
fr^y. Lastly, we may mention that from carbon 
disulphide end chlorine is obtained carbon tetra- 
dblonde, a solvent for fats, which is also employed 
in the production of certain dybs, and being non- 
inflammable, serves a useful purpose in fire-extinguiBh- 
ing apparatus. 

Among the organic solvents are several that are also 
snsesthetios. C^oroform was discovered simultane- 
bualy by Guthrie, an American, and Souberain, a 
frenchman, in 1.831, and was first employed os an ante- 
sthetio by Lawrence in London, and »bnpson Edin- 
burgh, in 1847, It is prepared on the large scale by the 
action of chloride of lixne on alcohol or acetone, the' 
product being a valuable solvent for fatty oils, india- 
rubber, aJ^oids, resins, and other substanoee. 
Prepared by' the above process, howev^, it oontains 
hi;^y poisonous impurities, which are gravely 
detrimental to its use as an amestlwtio, for whioh 

0 2 . 
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purpose it is obtained by distilling obloral — resulting 
from tbe action of chlorine on alcohol — or its hydrate 
\rith oaustio soda, the final product being snfQcieatly 
pure. 

another solvent, also an ansesthetio, was 
hno^ in the sixteenth century, and describe by 
Valerius Cordus, a German physician.' It was 
. prepared by the action of sulphuric acid on alcohol, 
and in the early part of the eighteenth century was 
employed as a mixture with alcohol, under the 
^■lname of HojSmann’s Anodyne, to allay pain. Its 
'use as an aneBsthatio was di^vered by Gbarles 
Jackson, of Boston, in 1842. The most economical 
method of noanxifacture is the contumous process, 
devised by BouUay. 

Aoe!tone,.a valuable solvent for oils, and employed 
largely in the manufacture of exploinvee, is found 
in the free state in the products of the destniotive 
distillation of wood, and is obtained by the dry 
distillation of acetate of lime, which substance is 
also produced from pyroligneous acid. . , 

Fwi^ Ohemioala . — ^The many substahoes we have 
mentioned under the heading of chemical products, 
represent only a very small proportion of those in 
common use, and do not include all that are employed 
in the laboratory, or those at present of pu^y 
soientifio interest, which are very numerous. We say 
“ at present purposely, for no one can tell how soon 
^they mayl find praoti<^ application. The vcdue of 

research for its own sake ” has already been shown 
in the many examples we have cited of the discovery 
of elements and compounds, at first merely regarded 
as scieatiflp curiositira, but sooner or later proved to 
be. of incalculable importcmoe to industry and to the 
world. So much depends on the accuracy of 
analytical results, that an adequate supply of 
chernioals in a sufiSciently pure state to be us^ as 
reagents is an essential requirement in all laboratories. 
The statement should be too obvious to mention, but 
it must be remembered that we buy and sell on 
^analytical data ; we check and control vast technical 
operations on si^ data, and must be able to rely on, 




TO CHEMICAL SCIENCE 


87 


Bound reagents in most ohemicol investigations. 
German fiiw ohemioaTs have enjoyed a reputation for 
purity, but of ohemioals genei^y, apart from dye*< 
stufEs, we produce the b\ilk of our own requirements 
our export trade has been greater than that of our 
eontinwtal competitors, and there is no doubt that, 
with increased scientific ocmtrol and care, we can 
manuf^ure products of eqiially high standard. 

A number ^ concerns of establish^ repute are now 
energetically developing the fine chemical industry. 
The processes of mam^acture and piuifioation o^^ 
for the services of highly trained chemists, of whom/ 
the supply will certainly be forthcoming as the demand 
for them increases. 

A pamphlet prepared by a special committee 
^pointed by the Councils of the Institute of 
Cnemistry and of the Society of Public Analysts, was 
issued early in 1016, giving details of the tests for, 
purity of a number of importont analytical reagents. 
This provides a standard for the manufacturers who 
will still oontiniie to make products of other grades 
for various uses, while producing the fine chemicals 
up to the specifioation standard at a higher cost, 
which the consumer is always willing to pay. For 
one example out of many, sulphuric acid for many 
technical purposoa is highly impure. In some oases 
the impurities are substances wMoh do not affect the 
behaviour of the acid and its suitability for the purposes 
for which it is required. A purer acid is made for 
general laboratory use ; but for good analytical work 
the add must be free from lead, ealdum and other 
metals, from arsenic/ selenium, nitrogen and lialogen, 
compound, and from reducing substoncos, and shouldl 
leave no solid redduo on evaporation to dryness. 
Tests are prescribed whereby such impurities may 
be detected, but it is most advantageous to be able 
to secure reliable supplies without the nooesdty of 
applying them, and possibly being obliged to purify 
t£» substances in the laboratory before using them. 
The piuifioation of sulphuric odd on the small B<»de 
is an expensive, diiBoult,and tedious operation. It 
is a hopeful sign therefore that a number of our well- 
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known manufacturers are now produoing guaranteed 
EuuJytioal reagents of recognised stcmdard degrees 
of purity. 

Druga . — After all the references we have made to 
the work of the chemist in industry, we do not need 
to labour the distinction between the man who 
practises cheoaoistry and the man who practises 
pharmacy. The latter has to dep^d on the former 
!or many of the materials he employs in dispensing, 
yt the physician may prescribe with very uncertain 
results, and the patient perish, or, in any case, pay to 
ao purpose, ^nie subject of drttgs and phanna< 
leutioals, with cJl its ramifications into the substances 
sompounded into medicmes of all kinds, pills, powders, 
nntments, lotions, tinctures, and so forth, is too 
iztensive for us to treat culequately, and we can only 
ieal with the subject by mdioating a few dev^p- 
nents in this iznpoirtant branch of industry. 

Many of tire drugs used in medicine are of vegetable 
>ri^. Quinine, for instance— discovered in 1820 by 
Pelletier Oaventou — ^is extracted from the bark . 

)f trees of the Oinohona species. Strychnine is 
)btained from the seeds of various plants such as 
Jtrychnos nux vomica. Atropine is prepared from 
leadly nightshade juice, which contains two alkaloids, 
Qroscyamine and hyoscine. The juice is treated with 
laustio potash, the hyoscyamine being thereby con- 
certed mto atropine. The mixture is shaken with 
hlorofbrm and ^ solvent evaporated, the atropine 
>emg extracted with dilute sulphuric acid, precipi- 
ated by potassium carbonate, cmd re-crystallised from 
iloohol. A solution of the alkaloid has the property, 
trhen picked in the eye, of dilating the pupu, a most 
iseful aid to tibie ophthEdmio surgeon. 

An increasing numbw of iiseful organic drugs, 
noluding alkaloids, is how made synth^o^y from 
ither chemical substmices, Many of theiro are 
afioDLOwn in Nature, thnir production and utilisation 
>eiug solely due to soienoe. Salicylic agi.d. and its 
letiratiyes, including aspirin, ^ made horn phenol, 
nd used extensi^y in the treatoent of rheumatio 
nd nervous, dirorders. On account of certain objeo- 
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tioQAble phyBiologioal properi^es, attempts have been, 
and are being, znwe to obtain other derivatives that 
have no suoh disadvantages, and good results have 
been obtained mth aoetylsalic^lio anhydride and 
omnamoylsalipylio anhydride. The antipyretics, 
phenaoetin and antifebrin, are made from ]phenol; 
antipyrene, which is put to similar usee, bemg the 
product obtained by methylating the pyrazolon 
derivative formed by the condensation of aoetoacetio 
ester with phenylhydrazine. Derivatives of antipyrene 
include salipyrene and tolypyrene. Vero^ is 
another synthetic drug. 

The use of metc^o compounds, as bactericidal 
agents, has long been known. Compounds of mercury 
have long been used in the treatment of certain dis- 
eases. Becently the researches of Ehrlich on the 
oigamo compounds of arsenic have done much to 
alleviate suftering, such complex bodies being much 
leas poisonous to human bemgs than are the simpler 
compounds of arsenic. Sidvarsan and neosalvarsan 
have met with success. One of the simplest of suoh 
derivatives, atoxyl, has been tised in the treatment of 
sleeping sickhess. 

Local cmeesthetics, administered hypodermically, 
include cocaine, novacaine, and stoveine, the first 
being extracted frond the oooa plant by aloohol acidi- 
fied with a snoall quantity of sulphurio acid, and the 
two latter being synthetio products. 

Among antis^tica we must again mention phenol 
(now being manuf actured from benzene in large quan- 
tities for making explosives), oresols, formaldehyde, - 
znerourio chloride — corrosive sublimate — and boric i 
acid ; while as disinfectants and insecticides, bleachuog 
ppwder, carbolic acid, potassium permanganate, 
naphthalene, and sine chloride — all chemical products 
—we now, largely used. 
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_ Chapctb yriT . 

PHOTOGRAPHY. 

This beautiful and .now alxnost essential art is 
dependent upon the aotipn of lig^t on various 
ohemical compounds, principally the j^ts of silver. 
It was first observed by Boyle about the middle of 
'the seventeenth century, that luma cornea— silver 
chloride — darkens on exposure to light, and thia 
phenomenon was further investigated by the Swedish 
chemist, Scheele, in 1784. No attempt, however, 
was mede to utihuse this property for the prodviotion 
of pictures until 1802, when Thomas Wedgwood 
obtoined prints of leaves and other fiat bodies on 
sensitive surfaces prepared by moistening white 
leather or paper with silver nitrate solution. Similar 
experiments were ccucried out by Sir Humphry Davy, 
but the pictures produced lacked one important 
advantage ; they were not permanent in daylight, and 
therefore had to be kept in the dark and examined 
only in weak, artificial li^t. The next workers of 
note were Ni^oe and Daguerre, a great advemoe 
being made by the latter, when, in 1830, he introduced 
a new depeuture, well'known as the dag^errotype 
I^oess. This was long ago superseded ty other and 
better methods, but it served the purpose of indicating 
the rig^t road to success. A plate of polished silver 
was exposed to the action of iodine vapour, being 
thereby <Mvered with a film of silver iodide. . On 
e^oBure in a camera no apparent change took place 
until development, as is the case with modem 
photographic plates. The method of development 
of the Daguerre plates was an accidental discovery. 
Daguenre, while experimentihg, was called away just 
after- he had removed a plate &om biw otunera. ■ . Eor 
safety, he put the plate in the first dcurk place that 
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/uHight. his eye — a box oontaining odd piooos of 
apparatus — aud when he returned to continue the 
work, he was suipiised to find that during his absence 
the image on the plate had developed. Investiga- 
tion of contents of the box led to the final con- 
clusion that the agent was some metallic mercury 
loose in the bottom of the box. This provided the 
TnflftTiH of development, the plates after eiqposure to 
light being acted upon by the vapour of merctuy. 
The image was made permanent by dissolving the 
unaltered silver iodide in the parts less affected by 
lig^t with a hot solution of common salt, an improve- 
ment being almost immediately effected by the 
suggestion of i^ersohel, that sodium thiosulphate — 
'* hypo ” — ^was a more suitable fixing agent. 

Meanwhile, other investigators bad not been idle. 
In the O^otype or Talbptype process, elaborated by 
Eox Td.bot, and iniroduo^ in 1841, we find the 
principle of modem j^otography showing signs of 
active germination, ^e method depend^ entirely 
on the use of papers sensitised with chloride and 
iodide of silver. In Ids earlier researches, a piece of 
paper was covered with silver chloride by immersion, 
successively in solutions of common salt and silver 
nitrate. Prolonged exposure in the camera resulted 
in the production of a negative image, which could bo 
fixed by common salt solution. This method was 
soon afterwards greatly modified in the following way. 
The image formed by the camera lens was received 
on a sheet of paper covered with silver iodide, and was : 
subsequeiitly developed by a mixttire of silver nitrate, 
acetic acid, and gallic acid. When the resulting 
negarive mode transparent by means of wax, 
positive prints could be obtained by allowing sunlight 
to pass though t^ negative on to a piece of the sensi- 
tive silver chloride paper. The first use of gl iyy* 
plates waa^ made by Archer in 1861, the glass being 
covmred with a film of collodion in which cadmium 
or .zino bromide or iodide had been dissolved. The 
f^te waB sensitised by dipping into a solution of 
silver nitrate and it was exposed in the wet state in tlie 
camera, the ima^ being developed by washing with 
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some reduoing agent, such as ferrous sulphate. The 
I image being fixed by a solution of sodium thiosulphate 
or potassium cyanide provided, when dried, a negative 
from which any number of positive prints could be 
taken. By this means the detail of ^e pictures was 
better than that given by the older processes, and other 
f ^vantages were obtained, including the diortened 
time of exposure of the more sensitive collodion film. 
By this time very many workers had entered the 
field, and the art made rapid strides. A further 
impjrovement was the introduction of ^Iry plates, the 
sensitive surface being composed of gelatine impreg* 
nated with silver bromide ; but to give a detailed 
history of the development of modem photography 
would be beyond the scope of this article. 

The modem dry plates consist of sheets of glass 
out to stEuadard size and covered with a gelatine 
emulsion of sUver bromide. The emulsion is prepared 
by the inter-action of ammoniacal silver nitmte with 
< excess of potassium bromide containing a little iodide 
in hot gelatine solutioc, the .emulsion formed being 
kept at a temperature of 46 deg. Oent. for some time — 
an op^tion which increases the sensitiveness. The 
emuluon is then washed free from soluble s^ts, run 
in an even coating on to the plates, and dried. After 
exposure, the plates are developed by the reduoing 
' .'action of certain compounds, such as pyrogallio acid, 
hydrpquinbne, zzwtol, ferrous oxalate, and others, with 
various substwoes c^ded to modify favourably the 
course of development. The developed plates are 
fixed by means of a solution of sodium thiosulphate, 
w^ washed and dried. The.mtroduction of celluloid 
*,fi]^ has lessened the inc(mveinienoe attached to the 
.bulkiness and rigidity of plates, films being invariably 
used when compaotness and li^tness of outfit are 
required. 

Many Mads of printing paper are available at 
the pre^t time. diiiver.„.c0bilonde . papers, both 
in^. g^tine and ooUoihon, are used for dayligh^t 
. printing, ic^rdinbry F.p.P. being toned with a solution 
oontahung . gold c^oride before fixing with hypo. 
Seli*t^ning papers require washing and fixing only. 




TO CHEMICAL SCIENCE 


93 


the paper already oontaming the necessary gold, but 
modifioationB of tone may be obtained by washing 
the prints in a solution of oonunon salt before fixing. ' 
Silver bromide and silver iodide are the sensitive 
bodies in bromide and gaslight papers, of which many 
varieties ore on the market, '^ese papers requiring 
development, as in the case of plates. Beautiful 
tones may be obtained by platinotype papers. 

Other methods of printing include the carbon 
process, depending upon the f^ that when a gi^tine 
solution of potassium bichromate is exposed to lig^t, 
the gelatine becomes insoluble in water. Bnll^t 
black and white prints may be obtained by the 
EKihesion, after washing, of finely divided carbon to 
the insoluble gelatine surface. The paper for the 
blue prints familiar to engineers is prepared by immer- 
sion in a solution containing potossixim ferroo3minide . 
and ferrous ammonium citrate, the prints noerely 
requiring to be washed in water and . dried. Otlmr 
methods have been devised to obtain engmeers’ 
prints in various colours on a wlute groimd, but for 
most purposes the blue print method is adequate. 

Colour photography, whicli has attracted much 
attention during the lost few years, has been developed 
with some success. Many processes have been 
devised, one of the most string being the mirror 
method of Lippmann, which depends upon the 
interference of direct and refieoted rays at different 
c^ths in the film, the ultimate dopoedtiou of metallic' 
silver produced by development occurring at a distance 
from the refieoting surfai^ fixed by the wave length 
of the impinguLg li^t. On viewing the developed 
and fixed plate simihu: interference phenomena take 
place with the consequent natural colouring of the 
image. With the aid of orthochromatic and of pan- 
ohromatio plates, , prepared by the tise of various 
dyes, combined with soroens or colour filters, excellent \ 
coloured photographs may be obtained. Three- 
plate and single-plate processes are available, tho.| 
latter type being more convenient. The Luxnidre 
process is a sing^-plate prpct^, in which the screen 
consists of a mixture of starch grains, dyed red, 
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green, and blue, inoorporated in a single layer in the 
plate. All th^ oolour photography prooesaes, 
-however, are still somewhat expensive. 

Mention oould be made of many debts to photo- 
graphy, indlnding the discovery of radioactivity, 
which was direolly due to the sensiti^ness of the 
photographic plate, the discovery of stars too faint 
to be obmrved by the most powerful telescopes, the 
invention of photo-mechanic^ processes employed in 
illustrating books end joum^, photomicrography and 
its numerous applications, and the opiematograph, 
apart from its everyday uses in peace and war. 

PhotograpMo Materidla . — ^The manufacture of 
photographic materuds is essentially a branch of the 
Atia chemical industry, since the production of good 
results depends as much on the purity of the materials 
'employed as on the manuer of employing them. 
Developere, such asps^gallio acid, metol, and hy(^- 
quinone, tohing solutions containing gold chloride, 
and the materi^ for making and sensitming plates, 
films, and printizig papers must necessarily be pure. 

, In fant, the whole a^ of photography depends, from 
i start to finish, on a hig^ order of scientific work, both 
chemiodi and physical. 
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Chaptbb XTV. 

AGRICULTURE AND FOOD. 

AamcnorLTUBR 

AaBiouiiTUBsi, though pruxianly ooxioernedi^th the 
cultivation of the soil — tillage, pasturage, and 
gardening — ^may be regarded as the industry to > 
which we look, not only for food — animal and 
vegetable — ^but, directly or indirectly, for clothing 
and textiles, timber, dru^, leather, rubber, and a host 
of other necessaries and comforts. Little reflection 
is required to show that agriculture is dependent on 
science, and, althou^ many practical farmers 
still scout such ideas, the various branches of the 
industry owe much to geology, biology — ^botany and 
zoology-Hjhemistry, physios and meteorology, as well 
as to the art of eh^eering. We propose to refer, 
briefly, to the wo:^ of the chemist, especially in 
connection with the subject of fertilisers. 

The fear has been expressed from time to time that, 
even making allowance for the eflects of war, the pro- 
duction of food will fall behind the needs of the 
increasing population of the earth, unless soiettQlfihKian 
devise measures for coping with the problem. ' We 
have shown how, throu^ science, fl^ds devoted to 
the cultivation of indigo and madder have made way 
for cereals, and we may oonfldently expect further 
changes of the same kind, or even find, in the labora- 
tory, means for obtaining food independently of the 
processes of Nature by reproducing something akin 
to the vital processes of vegetable and animal ]±le. 

FertiUaera , — ^Mother Earth readily repays the kindly 
attentions of man and o&rs an illimitable field to 
Bcience in the development of food supplies for man 
and beast. The chemist examines the soil, decides- 
the means to be adopted for the restoration of its-' 
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fertility, and banren land is thereby reclaimed. 
Natural manures, through the agency of which the 
soil regains its creative energy, are supplemented by 
artifio^ fertilisers, and the yield of foodstufEs is 
increased. Thu^Srqdium lutrate, found m enormous 
deposits in certain parts of Western South America, is 
very largely used as a ni^genous manuro,. the crude 
jrnateorial l^ing pilrified by brystaUisation. Poteusitmi 
sulphate, in form of the mineral kterserite, 
enriches the soil deficient in potash. Ammonium 
sulphate, from the distillation of coal and shale, is 
andther valuable nitrogenous manure, and super- 
pl^osphate of lime, prepared by the action of sulphurio 
hoid on mineral php^hates, provides a fertiliser 
dontaining a large proportion of soluble phoephate. 
The manufacture of this substance, moreover, has 
been largely instrumental in keeping alive the lead 
. ohamber process — <fiiamber acid, as such, being suit- 
able for the purpose. 

The oaloulation of Vergara that the South American 
sd^um nitrate beds would be eshausted by the 
year 1923 has been proved to be erroneous. Surveys 
of the known beds show that the supply from them 
will b3 Bufiloient to meet the inorea^g demand for 
the next fifty years or more, while the general oharaoter 
of the ooTmi^ leads td the reasonable supposition 
that other b^ of vast extent exist and will be 
dupable of supplying the needs of the world for a 
itirthffr 200 years. However, the end must oome 
sooner or later, and in view df the importance of this 
shbstauoe, bbth as a ..fertiliser and as a starting 
noMerial in the manufacture of potassium nitrate, 
nitno add, and other nitrogen odnpounds, the 
prospective shortage has given an impetus to research 
rnth the object of utUising .^e xdtrogen jn the. aiiv 
One of the inethods emplo;^ aims at ^ preparation 
df nitrates by heating air in a specially constructed 
' eleotrio furnace in whioh^ by a suitable ariaagsment 
of electro-magnets, the arc is caused to assume, a 
disQOUs shape. The oxide of nitrogen jproduoed is 
led away to an oxidising chamber, where it is bbnyerted 
by atmospheric oxygen into a higher oxide, which is 
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absorbed by bases suoh as lime, soda, pota^, or 
ammonia. The process, primarily discovered by Sir 
William Crookes, was adapted by MoDougall and 
Howies, in America, and later by Birkeland and Eyde, 
in Norway, where Metric power is cheap, and basm, 
manufactured in Germany, were sent to Norway and' 
returned as nitrates. 

The cyanamide process, which forms a great 
German industry, consists in heating calcium carbide ' 
with nitrogen in the electric furnace. The nitrogen . 
is obtained from liquid air by boiling ofl the oxygen, ^ 
or as residue from 'water gas or producer gas, which 
has been used in the manufacture of hydrogen. The 
ojranamide is applied directly as a manure, and on 
exposure to water at ordinary tem;^erature slowly 
evolves ammonia, wMoh, under the acuon of nitrif;^g 
bacteria, is converted into compoimds of n^rogen 
readily absorbed by the plant. It may be noted ^o 
that ammonia is easily formed by heating oalcixun 
oyanamide with ^ter under pressure. H barium 
oai'bide is used instead of the calcium compound, the 
TQftiTi yield is barium cyanide, a convenient starting 
material for the manufacture of other cyanides. 

Nitrides, such as those of naagnesium, boron^and 
silicbn, are prepared in the electric furnace, and find 
application as manures rich in nitrogen and as sources 
of ammonia, thou^ their cost of production is rather ' 
high. Many other processes have been paten'ted and 
u^ for the fixation of nitrogen, and British chemists 
ha've not been idle, in ^ite of the difficulty of bom- ' 
peting against the lower cost of power in other 
countries. Water power, abundant in Norway, is 
readily converted into electricity, and is, therefore, 
a most valuable possession in connection ; but 
we are assured that an earnest endeavour is being 
made to jproduce nitrates in tins country at the present , 
time. Inoidentally, we would remark that the 
fixation of nitrogen is of such importance that it is 
practically oertew ihat if Germany had not solved 
tbe problem before the war, she could not have 
maintained for so long the supply of munitiona to her 
army. 
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Basic dag— the phospWtio dag from the Thomas 
^d ./ajiohidst hade Beaqainer process— when finely 
groimd is a nseful map^ for certain purposes, grass 
' UnH especially deriving'beneflt from its application. 
Its employment iiy direotions has not, so far, 

. been esptenmyeiip.ciB^ly owing to the esistence of a 
somewhat arbitrofy standard of valuation. It is 
desirable ihat careful experiuMnt daould be ma<te 
with veaious crops to ascertain if this sta n d a rd is 
reasonable for all purposes. In the result it is not 
rblikdy that great dumps of slag, hitherto regarded 
as waste, both from the basic Besaomw and from the 
open-hearth processes, may be available for agri- 
cultural purposes. 

The quality of artificial fertilisers is to some extent 
safeguarded by the providohs of the Fertilisers and 
Feeding Stufls Act, under which the seller of any 
artifidally prepared or imported fertiliser, and any 
artificially .prepared feeding stufi,is required to give a 
-vrarranty to the purohaaer as to the constituents of 

vfidue in these articles, and an undertaJdi^ that the^- 
oentages found in these articles do not differfeommose 
stated in the invoice, beyond certain prescribed liimts 
of error. Official agricultural analysts and samplers 
are appointed to assist in the administration of the 
■Act, and the Board of Agriculture is empowered to 
TTiaL-A regulations for the purpose of carrying the Act 
into execution. It is generally agreed, however, that, 
with fe\y exceptions, the county and borou^ ^thor^ 
ties concemedf have practically ignoj^ it, and beyond 
appointing offidals as required by tljfi Act have given 

them little or nothing to do, so that offending traders 

are rarely broi^t to justice. ^ « 

Feeding Stuj^e.— Among the prmcipal artificially 
prepared feeding stuffs for cattle and sheep may 
mentioned cotton cake and.m^» which are very ri^ 
■1 in albuminoidai'as are also cake and meal from tiw 
ground nut andOhinero soya bean, and linseed and rap* 
' cake, prepared from the marc or refuse from cruahinj 

for ofi. Other induBtries provide food material, sucl 

'8J9 brewers* grams, malt dust and yeart, and bqoi 
trn g ar fibrous wastes. 



Whilst as we have indii 
taken to assure the quality 
a large extent, inefieotive, t 
our own food are certainly xnoi 
the Sede of Food and Dru^ Aots^ 
toge, be more thoroughly adnunistered'm^'!8!!Ce^^ 
of the country. The term “food” includes every 
article used for food or drink by man, other than 
drugs or water, and cmy article which ordinarily 
enters into, or is used in, the composition or prepara> 
tion of human, food, and also flavouring matters and 
condiments ; the term “ drug ” includes medicines 
for internal or external use. Public analysts are' 
appointed to examine samples — chiefly .rnilk and . 
dairy products — ^taken under the Act, and proceedings 
frequently follow both in the interests of heidth and of 
the prevention of fraud. Some may protest that the 
work of public analyst is not in the interests of 
industry, but it must be admitted that the honest 
vendor is directly protected by the prosecution of the 
fraudulent, and it should be noted alro that inany 
prepared foods, such as biscuits, cocoa, margarine,, 
preserved meat, fish, fruits and vegetables, jams and 
confectionery, and beverages are product under 
sciontiflc supervision. 

The methods of preservation of perishable food 
products cure due to the application of soience. Tlfh 
sterilisation by boiling of meat and of fish, followed 
by immediate hermetic sealing in cons, is the result 
of a knowledge of the nature of bacterial life, m also 
is the practice of preserving by the application of 
cold, the meat or fish being either- actually frozen, jr' 
maintainod at a temperature hear the freezing point 
without actual congelation. We will refer, again to 
the subject of cold storage later. 

The law governing the sale of milk m this 
country enoots that the content of fat, (preajn) . 
aTiftiT be not lew than 3 per dent. The various 
preseorvatives available for use are eithw prohi- 
mted, or are restricted as to the quantity that 
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may be added. This is a neoeaaary preoaution, as 
iiuoBfa of the preservatives, simh as forroaJm aad boric 
add, are not drairable from the point of view of 
hedth, espedally in the case of milk, which is so 
important to in|Bats and invalids. The sterilisation 
I of milk by paste\jrisation, which consists in prolonged 
' heating at a moderate temperature, is a useful means 
of safeguarding the pubUo health, the taste, and 
therefore the potability, of the milk being very little 
afEeoted by the treatment. 

Sdence provides the means of diatiTigm'Hhing 
between geni^e butter and the various substitutes 
now in common use, such distinction being necessary 
for the detection of fraud. 

. Oareful investigation by botanical workers, com* 
ibined with the proper application of manures, has 
greatly increased the yield of cereals, and the cultiva- 
tion of many other foodstufEs, such as roots, fruits, 
tea and oofEro, comes more and more under sdentido 
Control, witii beneficial results. We propose now to 
consider, as an example, an important foodstuQ, in 
ithe production of which ohemiced, botanical and 
Imechanioal sciences have played no mean part. 

SUGAR. 

Sugar is contained in the sap of many trees, such as 
the date, palm, and the maple, and in nearly all fruite. 
The' main sources, however, are the sugar-cane and the 
beet. The extraction of sugeur from cane is said to 
have been practised in Bengal and in Ohina about 
800 B.O., and existing records indicate that the Egyp- 
tians, Arabs, and Fersians were acquainted with cane 
sugar over 1100 years ago. The cane is now culti- 
vated in the Weeb and East Indies, in the Southern 
States,l|and in South America. 

In the old method of manipulation the cane, which 
oontainB up to 18 per cent, of its wei^t in sugar, was 
‘ arushed between rollers, the expresrod juice treated 
with milk ()f lime to neutralise acidity, filtered fl-nrl 
evaporated to obtain the crystals. The solid was 
separated by drainage in perforated casks, and the 
mother liquor.— whi^ contams various substcmoes 
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which prevent ooznplete crystallisation-- Appeared on 
tibe market as treacle or molasses, or was fermented to 
make^ruzn. With modem meohanioal and ohemiocd 
developments the industry has been brought to a 
state of great effloienoy. introduction of evapo- 
rating pans dnd similar plant has effected marked 
economy in fuel ; the crystals are separated by 
oentzifu^s, resultiag in great saving of time, and a 
1^ has been taken from the book of the beet sugar 
manufacturers by the employment of a diffusion 
process to replace the crushing. The cane is shredded 
and soaked m water, the sugar diffusing throiz^ the 
cell walls of the cane mto the water, and the yield 
is enormoxisly inoreaaed..v 

The process of refinmg crude sugar generally 
consists in dissolving it in hot water — ^blood being 
added to very crude sugars to carry down impurities 
in coagulating — ^filtering, decolourising by the action 
of animal ohaj^ol, and evaporating to crystaUisation. . 
The products are separated into various grades 
according to purity. As an instance of the value 
of scientific control in sugar-refining processes, we 
may mention that one concern has fbr many years 
past effected a saving of between £75,000 and £100,000 
a year as a return for an escpenditure of £20,000 a 
year on its laboratories and staffs of chemists. 

Sugar was discovered in beetroot by Morggraf, a 
German chemist, in 1747, but it was not until 1801 
that a factory was established for its extraction, 
the first being erected in Silesia by Achard. In 
the lijg^t of present-day events it is interesting to 
o^erve that the German industry received consider- 
able impetus in its early years through the land 
blockade of Prussia, enforced by Buonaparte, whi<fii 
made the home production of sugar a necessity. 
Buonaparte also gave encouragement to the estab- 
hsfament of the industry in France, and it is now 
carried on in Bussia, Holland, and other H^opean 
countries. The juice of the common beet contains 
only a low percentage of sugar, but by careful 
scientific oulmvation the yield has been steadily 
increased, so that some varieties give over 16 lb. 

a 2 
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of sugar per 100 lb. of beet, instead of about 6 lb. or 
less. The yidld of beetroot from the land baa been 
increased by about 15 per oent., and the coal oon- 
sumption in the process of extraction has been 
^ reduced by about 80 per cent. Tlu^ exhatisted sub* 
'stance is utilised for mB-lring feeding stu& for cattle. 
In the early method, of extraction the roots were 
deemed and shreddecU the Edireds placed ih woollen 
ba^, and the juice sqtteesed out by hydiauhc 
pressure. This practice still prevculs in some places, 
■-^but has been replaced in otlwis by the deaner and 
more efficient difiusion process. The roots ere 
out into thin strips whidx are eaq>OBed to the emotion 
of water ; the sugar difiuses out into the water, 
leaving colloidal.. substances in the cdls, the walls 
of whi^ are impemous to coUoids. The treatment 
of ^he juice is mnular to that employed in the case 
pi cane sugar, the yield of crystallised sugar being 
about 70- per cent, of the sugar in the root, the other 
30 per oent. remaining in solution as mplas^ or 
^ trea^, to be sold as su^ or used to make runou 

Inoreaaed yields of sugar in the orystallised State, 
froffi both cane and beet, are largdy attributable 
to 't^ Osmose mooeee, based on Graluon’s work 
on dialysis, ahd.!uie Eluiibn processes elaborated by 
SteSen^ end by goheiblOT. In the first probess the 
sugar is allowed -to diffuse -throu^ a parohment 
membrane into pim water, the substances which 
prevent crystallisation being imable to. pass throu^ 
the membi^e. . The solution obtained is -then worked 
up for sugar cmd for.potassium mtrate wbi^ acoom- 
panies it» while the 'remaining Ucjuor goes to the 
distilled for the manufacture of by*pro(motB. 

The Elu-tion processes depend on the formation of 
the. spaiihG^y sduble oaldum or strontium sdts 
formed by 'sugar--’-bdoi^^ wd s&bntium 
These salts, obtained by various methods in pure 
condition from the sugar in molasses, are suspended 
in^ymter and decomposed into sugar and calmtim or 
.. strontium oarbonate,.as -the case may be, by -the aotibn 
• of carbonic acid gas. 

Other such processes have been devised, but that 
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involving the use of strontium hydros^ is most 
largely employed. 

GOLD STORAGE. 

A valuable by*produot of the beet sugar industry 
is iurimethylamine, which is obtained by distillation 
from the 0^*1 residue or vinasses of the Osmose 
pooess, and cJso in lar^ quantities from herring-brine 
by distillation with lime. It is a gas at ordina^ 
temperatures condensing in the cold to a liquid 
which boils at 3.6 deg. Cent., and is used, as we have 
noticed before, in the plaM of ammonia, in the 
manufacture of potassium bicarbonate by a method 
analogous to tiie ammonia soda process. By heating- 
its hydrochloride with hydrochloric acid, nicthyl 
cblori^, an easily oondaosable gas, is obtaiued, and 
used for Tnaking certain dyes, and also as a beezi^,- 
agent in the technical production of ice. 

' The preservation of food by cold storage is of 
great importoncer and depends for its usefulness 
upon the availability of a large and cheap supply of 
ice. In the preparation of ice, advanta^ is tc^n 
of the heat absorption of boiling liquids. cA gas 
that con easily be liquefied by pressure can be uc^;' 
as a freezing agent, provided that i^ other poperties 
are not objectionable. The gas is liquefied by 
mechanical pressure, and is then allowed to evaporate 
under low pressure, the only heat available for ite 
vaporisation being that oonteuned by the water it 
is desired to freeze. The freezing agent is, of course, 
not destroyed, but can be recondensed and used ^ 
over again. Gases in coimnon use as freezing a|;ents ' 
ore methyl dtiloride, which liquefies at ordinary 
temperature imder two or three atmospheres presinire, 
ft Ti d boils under ordinary pressure at 24 Centigrade < 
degrees below zero, ammonia gas, which liquefies 
tmder about six or seven atmospheres and boils under 
ordinary pressureat 33.6 Centigrade degrees belowzero, 
carbonic acid gas, and oymogene (r^arred to in 
Chapter V.). 
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Chaptbb XV. 

BREWING. 

Thb pToduotion of malted liquors was one of the 
first industriea to recognise the value of soieniafic 
mvestigatiQn in the elucidation of teohnologioal pro- 
blems ; but the industry has not alone profited — ^the 
field of work has proved so rich in discovery that an 
important domain of chemical science, the chemistry 
of fermentation, with its applications to the leather, 
tobacco, food and other industries, as well as to physio- 
logioal science, has been opened up, primarily through 
1^ study of the principles underlying the practice 
of brewing. 

Alcoholic liquors were brewed bam grain stuflEs in 
Egj^t as early cus the 4th Dynasty (b.o. 3000 to 
4000), the beverages taking the place of wine in 
countries where the climatic conditions were un- 
favourable to the cultivation of the vine. Althou gh 
the Egyptians had vineyards in the Nile Valley, it is 
probable that this restriction of area gave rise to the 
brewing of grain liquors in other less favoured parts. 
The earliest fermented liquor known in Britain was 
pdead, made from honey ; the production of beer 
from barley, and of cider from apples followed in the 
order indicated. All three beverages were in use in 
the South of England at the tiTna of the invasion by 
the Romans, who are said to have considerably 
improved the manufacture of beer, which subse- 
quently became the Tia.tirm B.1 drink of the country. 
£a the Middle Ages rents were sometimes paid in malt 
or beer, and it is not without interest to note that one 
of the municipcd appointments in t.bft timfl of Queen 
E l i za beth was that of the ale-taster, a post held 
by the father of William ShakeEpeare at Stratford- 
on-Avon. Ale-tastefs were required to avai'miTifl 


i<6 CHEMICAL SCIENCE 


106 


beer and ale to see that they were good and whole- 
Bome, and sold at proper prices, l^blio anedystS 
may now be considered to carry on these duties; 
the custom of appointing cde-tasters having been 
discontinued in most places since beer and ale 
became excisable commodities. 

In normal times about 36 million barrels of 36 gdlletaA 
are brewed per year in the United Kingdom, involving 
the oonsTunption of 60 million bushels of malt, over 
00 million pounds weight of hops, more than a million 
hundredweights of specially prepared rice and 
maize, and about three million hundredwe^ts of 
sugar. 

The question of water supply is of great importance i 
to the brewer, the nature of the impurities in ' 
water used in mashing greatly influencmg the quality 
of the product. Tlie excellence of the ^e ales 'pro- 
duced at Burton has been traced to the existence in 
solution of large quantities of calcium and magnesium 
sulphates in the Burton well water. Stout and porter 
are better brewed with the softer water of London or 
Dublin, which does not contain the sulphates above 
mentioned. Sometimes the water in a loc^ty can be 
so modified, by the addition of the requisite substances, 
as to be suitable for the brewing of different classes 
of beer ; but the industry has been largely established 
in districts where the natural supply nee^ no ^eoiaJ 
treatment. 

The production of beer from barley involves three 
main operations : the conversion of the grain into ' 
malt; the preparation of on infusion of the malt 
called wort ; and the fermentation of the wort by 
means of yeast. Malt is obtained by keeping bcvley 
in a moist atmosphere imtil the induced germination 
has proceeded to the requisite extent determined by 
examination of the grain. The profixiot is then 
heated to a temperature above 60 deg. dent, to stop 
geixninatioh. ■ The infusion known as wort is made by ;, 
mashing the finely groimd malt with water, and 
keeping it for some ti^ at about 67 deg. Gent. The 
resulti^ liquor, after straining through spent wort, 
is sterilised by boiling, when hops ore added to impart 
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a bitter flavour, and to yiold to tho liquor oortoin 
preservative sulMtanooa. The liquor is thon oloarod 
by settling, drawn ofl, cooled by “ coolers " and 
refrigerates, and fermented by yeast. 

Tbu9 chief change taking pl^ in malting barley is 
the production of on active body called diastase, which 
has ihe power to convert stor^ into sugar. During 
maHiing albuminoid substances are broken down into 
simpler bodies, and the starch undergoes modifica* 
tions, assuming a fonn more easily attacked by the 
diast^. During the mashing operation tho starch 
is converted by the diastase into a sugar, which is fer- 
mentable by yeast, thereby yielding alcohol. As ^e 
finished molt contains much more diastaso than is 
seecessary to convert all the starch present into sugar, 
starch, in the form of flaked rice or flako<l moisso, is 
sometimes added to tho mtdt before mashing, the 
final result being an increased production of alcohol. 
When desirable ^le quantity of sugar in the wort cati 
be increased by the direct addition of invert sugar 
or of glucose. Invert sugar, which contains nearly 
equal quantities of two fermentable sugars — dextrose 
and laevulose — ^is produced in largo quantities for tho 
use of brewers by boiling cauo sugar with dilute 
mineral acids, whilst glucose, containing two sugars — 
dextrose and maltose — is mode by the hydrolytic 
action of dilute mineral acids on staroh, an inter- 
mediate product bohig dextrin (British gum). If 
the action of tho acid wore further prolonged dextrose 
alone would be the main product. Brewers* 
glucose bpntains 00-70 per cent, of fermentable 
sugars. 

By boiling, the wort is sterilised and ooncontrated, 
oert^ complex protein bodies are eliminated by 
precipitation, diastatio action is stopx>od, and tho 
flavouring and preservative materials are extrooted 
from' the hops which are added at this stage. Hops 
oontain^ a yellow granular powder ce^ed lupulin, 
which is the most valuable constituent from the 
briers’ point of view. The lupulin in new hops may 
axhount to 15 per cent, or more, and oonluunB resins 
and bitter principles, which give a flavouring and 
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exert a preservative action on the beer ; and 
certain volatiLe essential oils which also improve the 
flavour. 

By fermentation with yeast the sugars in the wort 
are transformed into alcohol and barbonio acid gas. 
The growth of yeast, when supplied with suitable 
foods, and its remarkable action on certain sugars,' 
have held the attention of soientifio man for years. 
I^big, in 1830, advanced the theory that yeart, an 
unable nitrogenoTU compotmd, possessed the pro< 
perty of conunumcatiog this instability to sugars, 
causing them to decompose, but the living nature of 
yeast was not then recognised. About thirty years 
later Liebig’s views were overthrown by Pasteur after 
a long controversy, and Liebig was compelled to make 
certain modifications in bis titaory. As the result of 
a series of epoch-making experiments, Feuteur came 
to the conclusion that yeast was an organism capable, > 
under certain conditions, of maintaining its life with- 
out the aid of atmospheric oxygen, that element be:^ 
derived from sugArs, the presence of wMoh fulfilled 
the conditions. The maximum fermentative power 
of yeast was therefore attained in the absence of 
atmoi^herio oxygen. This theory held the field until 
1892, when the researches of Adriw J. Broym ^owed 
it to be imtenable, In 1807 Buchner demonstrated 
that the living yeast cell is not necessary for fermen- 
tation, but that tile dear liquid extracted from the 
yeast by heavy pressure served the purpose. He , 
proved condusively that the cause of the fermentation 
is an enzyme, whu^he called zymase. Further light 
has been thrown on the problem by Arthur Hardm, 
who separated the active liquid into two inactive, 
constitumts — ^the eiuzyme and tlw co-enzyme — which, I 
when remixed, became once more active. BEarden; 
has shb^ the importance of phosphate^ in 
accelerating the change. To sujmxiarise: the living' 
yeast contains and reproduces an active non-living 
body which is capable of cpnvertiiig sugars into 
alcohol emd carbonic add gas. The yeast growls 
at the expense of certain foods prosent in the 
wort. 
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JJtHiaation of Waste Products . — ^Dried yeast is iiaed 
as a cattle food, and as the sonroe of an excellent 
substitate for meat extract. Oarbonio acid gas is 
compressed and used for the aeration of beer and 
mineral waters. 
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Chapctb XVI. 

ALCOHOL, WINES AND SPIBITB. 

AIiOOHOIi is one of the moat important ohemical 
products. We have tdready referred to it as a 
solvent, in which capacity it is of great service to the 
chemist in the laboratory as w^ as in ind\JstriEd 
operations involved in the manufacture of tranapnrent 
soap, varnishes, French polish, collodion, and oellrJoid. 
It is not only as a solvent, however, that it figures 
extensiv^y in the arts and manufacture. It is used 
in the technical preparation of chloroform, iodofonn, 
fulminates, ether, acetic acid, and many other bodies. 
For certain purposes — such as the production of some 
hinds of whiskey and brandy, and of liqueurs, and in 
the monufaotuTO of scents, fine ohemicalB and drugs — ^ 
only alcohol of a considerable degree of purity con 
be used, and the expense is correspondingly high. 

Alcohol is made from the cheapest staro]^ materials 
available, such as potatoes, maize, turnips, molasses. 
The raw material is mash^ with about 6 per cent, 
of malt, and fermented in the usual way. After 
distillation in a Cofiey still, the spirit is diluted with 
water, filtered throu^ wood charcoal to remove 
fusel oil and redismled throu^ a fractionating 
column. The products are separated into three 
grades : first runnings, and first and second quality 
spirits. The first runnings, oontoiniag about 96 per 
cent, of alcohol with a sm^ quantity of aldehyde, 
may be used for burning and in manufacture where 
the impurities give rise to no deleterious effects. 
The first and second qualities, which ore 06 to 07 per 
cent, in strength and contain only traces of eddehyde — 
the second quality also containing a small quantity 
of fusel oil — are Imown as silent spirit, because they 
afford no evidence of their source. These qualitiea 



no WHAT mOUBTRY OWES 


are used for drinking purposes — ^Uqueurs and factitious 
braady and whiskey — and for pharmaoeutioal pre- 
parations. 

Absolute alcohol, containing 00 per cent, or noore of 
alcohol, is obtained by ddiydrati^ the finer spirits 
by redistilling with about h^ their weight of quick- 
lime, whilst 100 per cent, alcohol may be prepaid by 
the addition of a small quantity of metallic sodium 
to absolute alcohol and further redistillation. 

The denaturing of industrial spirit — rectified spirit 
and first runnings— consists in adding to the alcohol, 
to render it undxmkable, some substance or substances 
which cannot be profitably separated, and which have 
nt]^ minimum harmful effect in the Iprooesses 
demanding the use of such ^irit. Were it not for 
the fact t]^t in most ooimtries the Qovemmente per- 
mit the sale and use of denatured or undrinkable spirit 
free of duty, the hi^ duty on such spirit would 
render its use in ordinary manufactures prohibitive 
from the point of view of economy, and the absence 
of such fatties would prove a great hindrance to 
the industries oonoemed. 

Methylated spirit is duty free, and may be used 
instead of rectified spirit — spirits of wine— in the 
manufacture of chloroform and varnishes, for pre- 
serving anatomical specimens and fpr many other 
purposes. It was originally made by adding about 
10 per cent, of methyl ^oohol — ^wood spirit — a product 
of the destructive distillation of wood, which has a 
sharp fiery fiavour and contains substances dis- 
a^^ble both to taste and smelL The presence of 
. wood spirit, however, has little or no effect on the 
industri^ uses of alcohol, from which, moreover, it 
cannot be profitably removed. The main use of 
.wood spirit, therefore, is for denaturing purposes; 
but it is also employed as a solvent for resins and in 
. the manufacture of dyes, its characteristic component 
' QEI4, appearing in t]^ r6U as a oonsibitumt of the 
inteime^te produoi» znethylaniline imd dimethyl- 
aniline, bases largely used for the production of ba^ 
dyes, raoh as m^yl violet — ^the colouring matter of 
• recording, copying, and typewriting inks — ma l achit e 
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green, and methylene bine. The prooeases for the 
estraotion and puiidoation of wood spirit, however, 
were in the ooTsrse of time so far improv^, tl^t its 
purity eventually unfitted it for use alone as a de- 
naturant ; it is still univi^rseJly used for the purpose, 
but with the enforced addition of other more dis< 
agreeable substanoos, such as — in the case of ordinary 
methylated spirit — not less than | per oent. of; 
pam^ of specific gravily 0.800. For some xnanu-V 
faoturing purposes the parafBn is a disturbing factor, 
oausiog turbidity on Tciyiag with water, and being 
unsatiefactory in other respects. To obviate these 
disadvantages, various de:^tured spirits are now^ 
made, containing from 2 to 10 per cent, of wood, 
spirit with a sme^er quantity of other substanoea of 
unpleasant taste, the (^ioe being determined 
according to the purpose for which the spirit is to be 
employed. Thus, in the manufacture of tranaparent 
soap, a spirit denatured with wood spirit, castor oil 
and caustic soda is useful; in making mercury 
fulminate, a mixtOre of wood spirit with pyridine 
bases forms a suitable denatorant ; and in. making 
celluloid the spirit may be mixed with wood spirit, 
camphor, and benzene. Other denaturanta inmude 
toluol, xylol, wood vioegEur, turpentme, animal oil, 
chloroform, iodoform, and ethyl bromide, according 
to the nee^ of the industry for which the spirit is 
required. 

Winea . — ^The production of wines by the fermen- 
tation of grapes is an industry of great antiquity. 
Several words in Hebrew are translated in our Old 
Testament as wine, and we find it asaooiated with Noah, 
who, when he began to he an husbandman, plants 
a vineyard, drank of the wine and was druxiken. 
Fermented grape jmce was a beverage of the ancient . 
Egyptians five or six thorffiand years before our time. 

Wine is made by allowing the juice of ^ap^i 
to ferment spontaneously, the organism^ inaxicing 
the ohange occurring plentifully in the ear dust of 
vine-growing countries, and speedily infecting any 
sugary liquor ,fredy exposed to the air. when white 
wine is the product desired, all the seeds and husks 
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of the grapes are oorofully excluded, because it is 
from thoso that the ooloiuring matter of red wines 
is extracted by the alcoholic liquid produced by 
fermentation. The seeds and husks also give up 
a small quantity of tannin, which act» favourably 
as a preservative of the rod wines, and prevents 
ropinosH. Sparkling wines, such as ohampagne, are 
mode by dissolving stigor in a still wine and allowing 
it to undergo secondary fermentation in tho bottle. 
Ordinarily, wine consists of a mixture of alcohol 
cmd water, containing from 7 to 17 per cent, of tho 
former, together witli smaller quantities of sugar, 
bltartrate of potash, glycerine, and other bodies, 
including traces of flavouring matters. If a sugar 
solution contains much more than 30 per cent, of its 
weight of sugar it cannot be fermented by yeast. 
A solution of alcohol of 10~17 per cent, strength 
f) also inhibits the action of yeast, and it follows, 
therefore, that fLtrmonted liqxror cannot contain more 
. than this pereontago. Should a wino of greater 
strength be doaii'ed, it can be obtained only by tho 
addition of stronger distilled spirit. Thus tho 
strongest port wine, as produced by tho ordinary 
formontation, contains not more than 10 to 17 per 
cent, of alcohol, but it can bo '* fortified ” if ncKiiossory 
by the addition of absolute alcohol or rectified spirit 
in the proper proportion. For this purpose it is 
desirable to use tho strongost alooliol obttunublo, 
as if a weaker, 0.(7., less tlmn 00 per cent., were used, 
the water necessarily added with it would dilute 
the other ingredients of the wine to an abnormal 
extent, and modify unfavourably its original 
chaiaotoriatios. 

Spirits may be divided roughly into two oloasos, (1) 
pot-still spirits, including brandy and whiskey ; and ( 2) 
gin spirits, mode by tlu suitable treatment of plain 
reotidod spirit or aloohol. The manufooture of 
spirits was made possible only by tho disoovoiy 
' of tho process of distillation, and is not, therefore, 
of such antiquity as the wine and beer industries. 
The products differ from fermented liquors from which 
they are produced, mainly in tho l^er content of 
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aloohol, in the absence of non-volatile matter, and 
in the possession of certain distinct flavouring matters, 
either ooourriog naturally or culded purposely. 
Cognac brandy is made by distilling from a pot 
the fermented juice of a small variety of grape, 
the aloohol passing over among the products 

of the distillation. The spirit contains about 60 per 
cent, of aloohol, and owes its aroma cmd flavour 
to small qiiantities of oaprio (oenanthio) ester derived 
from the wine. The colour of genuine old brandy 
is due to colouring matter extracted from the wood 
of tbe casks in which it is stored, its astringent 
flavour being due to tannin from the same source; 
New brandy is coloured to r^emble the old by the 
addition of caramel (sugar— generally starch sugar—: 
heated to about 190 deg. C^t.), astringency being 
sometimes imparted by an infusion of tea. 

Whiskey is made from malted barley, or from 
a mixture of unmalted and malted grain, the mixture 
being dried over a peat Are, from which the whiskey 
derives its smoky ^vom. By a washing operation 
similar to that practised by brewers, a wort is produced 
which is cooled quickly by refrigerators and fermented 
by purified brewers’ yeast, as oompletdy aspoBsiblOj, 
at a low temperature. These oonditiourTOnObine 
to ensure the production of a good liquor free frrnn 
sourness, and with the minim\iTn of wasteful and 
objectionable impurities such as fus^ oil emd 
aldehyde. When t^ fermentation stops, the liquor 
is dialled from a large copper still — up to 12,000 
gi^ong — sometimes wi& the addition of soap to 
prevent undue frothing until all the aloohol has 
passed over. The distillate from this operation 
known os *' low wines ” is poor in aloohol and r^uires 
a second distillation. The residue remaining in 
the atm contains a small quantity of kbotic acid, 
which is often recovered and used as a substitute 
for cbcetio and tartaric adds in proo^es where a 
weak acid is required, and where the chemical nature 
of the add is not of first importemoe. The second 
distillate is ooUeoted in three fractions called “ fore- | 
shoots,” dean spirits,” and ** feints.” The dean ' 
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spirit is a strong whisky containing about 60 per 
cent, of alcohol. It is generc^y diluted with water 
to about 40 per cent, before being sold to the customer, 
the TniuimuTn being fixed by Act of Parliament (1870) 
at 87 cent, by wei^t. The fore-shoots are 
hig^y impure, containing fatty acids and other 
substances, while the feints '* consist ohiefiy of 
•fnsel on, a mixture of higher boiling edcohols, used 
. iix recent years as a raw material in the production 
of synthetic rubber, and also as a solvent. The 
“ spent lees ” remaining in the still is a waste for 
which as yet no useful application has been found. 

British brandy and whiskey prepared in a Ritnilar 
way from potato standi need to be freed from a rather 
Wger percentage of fusd oil than does bcffley spirit. 

Bum, which is made by fermenting trecude or 
molaBseB, and twice distillmg the prod^, owes its 
flavour to formio and butyric esters, and is coloured 
either by ageing in wood, or artificially by means of 
ockrazneL 

' The plain spirit, «.e., a mixture containing water 
smd alcohol only, which is used to make gin and 
liqueurs, is produced by fermenting a mixtore of 
nomted and xmmalted grain, and distilling the raaulting 
alcoholic liquor or “ wash ” through a ^eoieJ fraction- 
ating apparatus such as the Gofi!ey still. When 
- distfilation takes place from a pot-still little fraction- 
ation occurs, and a large proportion of the lower 
and Idgbsr boiling; substonoes pass over with the 
alcohol, heoessitatoag a second distillation; but by 
the use of a oontrivanoe such as the Oofiey still, 
wMdhis too complicated for description hem, the 
greater proportion of the impurities can be eliminated 
by one distillation. 

Qih is made by adding some substance, such as 
juniper or. liquorioe root, to the ^irit, and re-dis- 
tilliog from a pot, when distillate passing over 
carries with it the fiavouring matter extracted 
from the root. liqueurs are made by dissolving 
large tpiantities of siigar in the alcohol with variouB 
fiavouring and oolouxing materials. 
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chapxbb xvn. 

TOBACCO. INKS. PENCILS. &o. 

Tobaooo is cultivated in many countries, especially 
in Virginia and the Southern States, in Mexioo. 
Cuba, and the West Indies, in Asia Minor and Persia, 
in India, China, and Borneo, and in South Africa, 
and affords scope for the botanist, biologist, and 
chemist, both in the plantations and in the factoruis. 
In the days of Columbus the natives of the West 
Indies smoked the rolled leaf, the Mexicans and 
North Ameiioan Indians used pipes, and the Azteos 
and Hispaniolan Indiana appli^ forked tubes to 
the nosti^. Tobacco was introduced into Europe 
by Hermandez de Toledo in 1669. into England by 
Sit John HawkinB in 1666, and its use speedily 
became very general in spite of all forms of opposition. 
Smoking was the butt of the wits, denounced by^ 
the clei^. and condemned by rulens and popes. 
ofEenders being subject to severe punishment. In 
Turkey it was a ca^jital offence, and in the canton 
of Borne was prohibited as an addition to the deca- 
logue. In Englemd King James 1. issued a Counter- 
blaste to Tobacco,” in which amnlring was described 
as ” a custom loathsome to the eye. hateful to the 
nose, hartbful to the brainB, dangerotis to the limgs” 
... as ” rerombling the horrible smoke of the pit 
that is bottomless ; ” but althou^ often the subject 
of violent diatribe, it remains at the present day 
a mo^ popular luxury among both rich and poor, 
and we ohay contrast the views of the Bbiart Eing, 
with those of Kingsley indicated in Westward Ho I ** 
'* Wh^ edl things were made none was made better 
than TobcMCo ; to be a lone man’s Companion, a 
bachelor’s Friend, a htingry man’s Food, a sad man’s 

I 
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Cordial, a wakeful man's Sleep, a chilly man’s Fire. 
There's no herb like it under the canopy of Heaven." 

Tobacoo is rarely prescribed in medicine or 
employed in pharmacy ; but it is well known that 
' smoking in moderation acts as a sedative, and is often 
beneficial in promoting expectoration in oases of 
asthma. SnuS, which is prepared from the ribs 
and stems of the tobcMoo leaf, is occasionally recom* 
mended to excite the secretion of mucus from the 
nasal membrane. The alMc^tion ■ of very smeJl 
quantities of nicotine is stimulating to mind and 
body, but in excess the effect is depressiag, narcotic, 
and injurious to the si^^t. Mu^ depends upon 
the oozi^itution of the smoker, habituation, and otiber 
oiroumatanoes. But we have digressed from our 
object. The mdustry is an importoat one from the 
financial standpoint. In nono^ times we spend 
between four and five million pounds on imported 
tobacco— more than twice the espenditure on dyes — 
and the smokerpays very heavily to the Exchequer for 
his luxury. He is protected, however, by the 
inepeotion of imported tobacco by the Qovemment 
laboratory. Many thousand samples are examined 
aimuaUy, in accordance with the legislation for- 
bidding adulteration or excess of moisture, oflenders 
being liable to heavy penalties. Tobacco was formerly 
much adulterated with leaves of rhubarb, cabbage, 
dock and the like, as well as with sugar, starch, 
and gum; but althou^ sweetening matters sucdi 
as sugar, treacle, liquorice, and glycerine are occasion- 
ally present in imported tobacco, adulterants are 
now oconparatively rar^y detected. 

The ohenuoal composition of tobacoo is hig^y 
complex, the determinable constituentB numbering 
over twenty. The quality of the leaf is atioibuted 
to the nature of the s^ where it is grown, though the 
finished product must femainlargely a matter of taste. 
The mewods of manufacture depend on the variety 
of tobacco and the purpose for which it is intended ; 
and the processes are supervised more and more 
by zneh of iboienoe who can render useful assistance . 
in:maQy ^ye, es the preventicm bf mouldinesa.: 
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and the utilisation of ‘waste* The lea'ves, when, 
harvested^ are allowed to wither to a certain extent* 
and then undergo shed-drying or sweating in modera'te 
heaps covered with mat'tmg. The leaf walla ‘transpire 
carbohydra‘teS( albuminoid matters become con- 
verted into amides, and the heat generated efieots' 
the drying of the leaves, which then undergo f ermenta- 
‘tion in bundles arranged in large heaps. Tons o£ 
‘tobacco are thus allowed to decompose rapidly at 
a temperature usually kept below 60 deg. Owt., 
the bundles being turned about so -that ail are equidly 
affected. Suohsland is stated to have prepared 
cultures of the bacteria of the fermentation, and to 
have transferred them from fine West Indian to 
Qerman tobacco in the course of fermentation, 
with remarkable improvement to the latter. 

The lecd as imported to this country is subjected . 
to secondary fermentation after the addition of 
6 to 26 per cent, of water, and is dried or stoved on 
heated open trays, or in closed ovens subjected 
sometimes to injections of steam, difiCerent methods 
of treatment a&cting the fiavour of the product. 
The content of nicotine in the leaf varies from 1 to 
6, thou^ it is sometimes as hi^ as 8 per cent.; a 
ain^e oigar often contains a deadly dose, but it retreats 
from the heat as the tobacco and aooumulates 
in the stump or butt. Bypassing a ourrent of steam 
throu^ a zmxture of lime and tobacco dust, neutralis- 
ing the resulting liquid with sulphuric acid, and culding 
caustic potash, niootiae is liberated and may be 
dissolved in ether, the solution yielding ahxu^ 
pure alkaloid, which is employed in the manu&cture 
of inseotioides for horticultural purposes. 

We propose now to deal with a few industries under 
soientifio control which employ ohemioal j^oducta. 
and relate to commodities in everyday use. 

lnka.-^TxL early ttmea the thoughts and notions of 
men were incised on stone, impreseed on day or wax, 
or carved on ivory, xneW oir wood; but with the 
^trodhotion of papyrus, which we have mentioned in 
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the chapter on cellulose, cbaraoters were formed by the 
applioation of oolotired fluids by means of a brush or 
r^. The word is associated more closely 

with the more ancient methods, being derived from 
the Greek enoaustos (burnt in), and &om the Latin 
encatMfum (the purple*red ink used by the later 
Roman Emperors). The oldest writing material 
appears to have been composed of very fizi^ divided 
carbon in a solution of an adhesive substance, which 
held the carbon in suspension and flzed it to the 
papymu. Ink of this sort has been found on ancient 
Egyptian papyri, and was no doubt also in use in 
China at least as early. C^bon inks are permanent 
and very resistant to chemical action, but there is a 
tcEkdenoy for the pigment to sink in the liquid unless 
it is fr^uently stirred. Printing inks also consist 
mainly of carbon wiih well>boiled drying oils and soap 
or resinous matter. For ordinary writing purposes, 
however, carbon inks were super^ed centuries ago 
by iron-tannin inks, prepared from a decoction of 
g^ with copperas and gum arabio, formerly home 
made, but now produced in common with many other 
domestic requirements on an industrial scale. The 
action of the tannin — from the decoction of galls — on 
the copperas produced a precipitate, whu^ being 
insoluble, formed a deposit, but manufacturers 
avoided these conditions by excluding air to prevent 
oxidation, and by adding soluble colouring matter. 
Ck>od writing ink should remain sweet and fluid when 
exposed to air, shouM be perxnanent to light under 
ordinary atmospheric conditions, and not contain an 
excess of free cwsid which would injure the pen and 
paper, though the ink is not always to be blamed for 
these contingencies. In the mi^idle of the eighteenth 
century logwood was added ; in many cases it r»plsK»d 
. the tannin entir^y, and still forms the basis of some 
inks. Coloured have also been pr^ared vdth 
cochin^ andr mdij^, and with the intr^uotion of 
coal tor dyes a large variety of easily, running inks, 
specially suitable Iot stylographio and fountain pens, 
have been rendered avulable, though it should be 
remarked that they are not regarded as so penniuient 
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as the iroii'gallo-taimateB. Many typewriter ribbons 
are prepared with coal tar dyes, and are therefore open 
to this objeotion, the ink being fairly easily removed by 
ohemioal means. Tnlrw highly sensitive to tampering 
are employed for bahkms* dhi^nea, and the detection 
of forgeries often depends on the ^eots produced by 
treatment with various ohemioal reagents. Copying 
inks are oonoentrated writing solutions, tisuslly con- 
taining two or three times the amount of colouring 
and thiokening matter. It is probably no news to 
engineerB that James Watt invented the copying 
press, the patent for which was granted to him in 1780. 
He employed an ink prepared from a decoction of 
Aleppo galls, green copperas and gum arabio, which 
is much the same as Ihe inks now used for the same 
purpose, except that they contain soluble dyes, 
deoctrin or sugar, and in some oases glycerme. ^ l&on 
tannin inks, when exposed to the sir, become oxidised 
and insoluble, so that they cannot be copied. 

The juices of various plants have long been utilised 
as marking inks, such plants including the ink plant 
of New Qranada and New Zealand, the ouhew nut, the 
Indian marking nut and others. Modem, xniarkmg 
inks, whidk should withstand the actum of soap and 
alkaline and aoid liquids, mainly oonsist of solutions 
of silver nitrate coloured with lampblaok arid thick- 
ened with gum. Salts of gpld, planum, manganese, 
and of other metals have been used for the same , 
pixrpose. ■ 

PmaUa. — We have already noted the use of the 
brush for applying oharaoters to papyrus. The word 
“ pencil ” is derived from the Larin psnioiZhw, a s xnal l 
taoL The of charcoal and similar materials followed 
and, at an early date, xnetaUio lead was employed to 
inark parchment and pax>er8 ; hence, ^e term 
“blaoMead ” as applied to pencils, dehoted the 
blacker mark of graphite or plumbago. As a matter 
of fact, the gi^pmte used for making pencils consists 
almost enrirdy of carbon end contains no lead. 
It has been employed for this purpose sinoe the 
seventeenth oenti^, and for a long tm^ was obtain^ 
almost exclusively from the Borrowdale min^ in 
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Oumberlaud, being mined in oompoot grey>blaak 
masaeSf out into thin plates, then into rectangular 
Bti(^ and eased in wood. The mine was gue^ed 
by an armed force, and, to maintain the monopoly, 
an Act was passed resl^oting the working to only 
six weeks in the year; for the remainder it was 
^ flooded to prevent theft. The best quality was 
* exhausted early in the nineteenth contmy, and the 
pencil manufacturers turned their attention to 
utilising aocumiflations of waste from cuttings of 
the original masses, which were crushed and mixed 
with o^er materiola. 

One of the results of such experiments was the 
introduction of varying degrees of hardnesa in which 
respect the ^tive graphite was never uniform. 
0pnt4, of Pans, is credited with the method now 
generally employed, of naaking pencils from finely 
ground grapmte mixed v^th var 3 nng proportions of 
' clay, allowing for fourteen degrees of hardness and 
softness ranging from 6 H to 6 B with HB (hard 
and black), and F (firm) os the middle degrees. 

Graphite has since been foimd in many parts of 
the world. The crystcdline variety occurs in Ceylon, 
but is not Bufflciehtly black for penoil»making ; 
the mas^ve, which occurs in Bohemia, Bavaria, 
and Mexico, is much blacker. It is ground very 
fine, mixed with water, and passed through tanlffi 
to allow the heavier particles to fall, the finer particles 
p a s s i n g on to five or six successive tanks, when the 
necessary degree of fijaeness having been obtained, 
it is mixed with sqitable clay which has been washed 
in the some . manner. The mixture is subxutted 
to further grinding, squeezed in bags to remove 
superfluous^ water and forced through tubes to 
produce' strips of the required shapes and sizes, which, 
when dried and bedced, are ready for casing in wood. 

The wood mostly ui^ for moldng penoDs is that 
.of r^ cedar, not the cedar of Lebanon, but the 
' Juntperus Virginkma which grows in Florida, 
A l ab a ma , and Tenneiraee, and lends itself w^ to 
the purpose on account of its soft character and 
strai^tness of grain. It is usually out into short thin 
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data of the lezkgth of a pencil, thotigh Bometimes of 
several lengths, and BujQSciently wide for making 
from two to six penoila. The alata are grooved to 
receive the lead and, when glued togethw, can be 
out into the corresponding number of penoSb. which 
are then amoothed by machinery, polished, stamped 
with the letters indicating the degree of hardness,, 
and the makers’ name, tied into bxm&es, and generally - 
prepared for sale. Coloured pencilB are m^e from 
sp^iud clay finely ground with colour, such as Prussiein 
blw, or vermilion, and mixed with a binding materM, 
pressed into sticks which are toughened by boiling 
in a mixture of special fate and waxes before they are 
placed in the slate. For copying-ink and ind^ble 
pencils, an cmil^ dye is used, the colour being 
soluble in water in ordmr that impressions may ^ , 
taken on tissue paper. With the demand for pencils 
steadily inoreasmg and the supply of suitable cedar 
becoming quickly exhausted, manufacturers will be . 
obliged to use other woods, or users must be content 
with meohanical pendls. The industry is restricted < 
to comparatively few firms, the majority being of 
long standing. Deteuis of manuiaotore .are largely 
kept secret, but enough has been said to indicate that ; 
the indust^ owes much to chemical soienoe, in the 
. selection, mi-gingj and general treatment of materials, 
and to mechanical soienoe in the invention of labour- 
saving machinery for the processes involved. 

Other domeetio requiremmte, such as blaoklead 
(stove polish), and blacking, for leather, are now pro- 
duced under scientific oohtroL Black lead for produc- 
ing a polished black surface on iron is made from the 
massive graphite. Blaehing is xnade of a variety of 
matmeJs and oonsiste essentially of some black pig- ; 
ment, suc^ as emimcd charcoal (bone black), inootodiated .'j 
with substances capable of taking a pohc^ by motion. ! 
A mi±ture of bone blackj^ Efperm oil, molasses and; 
vinegar forms a tj^ibal blacking, while other kLods' 
oohtain stfu^ as ground material with tannate of , 
iron as oolouimg agent, and gum archie as a bixiding 
ihaterial. , \ 
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OOAfXEIB xvni. 

GASES. 

Ik the ortiole on ooal, we gave a brief desoriptiQii 
^ the manufacture and pu^oation of one ^ ita 
principal decomposition products — ooal gas. Before 
drawing our work to a oonolusion, we propose to say 
something of other gases, little known to those who 
do not use them, and far simpler in their constitution 
tTiftrt ooal gas. XHsoovered by science, their manu- 
facture is outorane of scientiflo investigation, and 
not the mere retorting of a complex natural)^ 
occurring substance. 

The word gas is said to have been introduced by 
the Elem^ chemist. Van Hehnont — sixteenth cen- 
* tury — being assooiat^' with the Butch geest, a spirit 
' or ghost, Danish and German, geist, from '&e same 
root as the Anglo-Saxon gaeklie, ghastly. To the 
mediseval mind, the air was a mystery, something 
supernatural : it could not be seen or smelled, but 
could be felt and heard. Gradually the idea of the 
material nature of the air was developed by the. 
schools, but owing to the vague nature of the entity 
concerned and the difficulty of handling it, little 
progress was made with experimental investigation 
until the middle of the seventeenth century. No 
> variety was recognised and everything of the nature 
, -of air was classed as air, until the advent of methodical 
experiment and logical deduction laid the foundations 
of this fundament^ department of knowledge. 

A gas is physically the s^plest form of matter ; the. 
laws govemmg itsb^iavfourare l^bdmpl^than those 
regulating the oonduot of solids and liquids. To the 
recoguition of this fact and the application of the 
prinoifde of defeating the weakest enemy first, soienoe 
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owes many of its most wonderful advaaoea. suohf for 
instanoe* as we find in the application of the laws of 
C^ses to substances in dilute solution. The extreme 
fluid elasticity of gases and vapours and theiir hi^ 
qoHBiffioiiBat ^ thermal expansion render them 
invaluable to the engineer. The nature of explosion* 
the problems encountered in aeronautics* in metenro- . 
logy, in the study of acoustms, are all closely ooxmected 
with the properties, both statical and dynamical* pf 
substances in the gaseous state. 

Until the middle of the seventeenth century* i^e 
philosophers— students of nature— afEected to despise 
experiment* their opiniozua being based on observation. 
The alohexoists — seekers after the universal solvent* 
the philosopher’s stone and the elixir of life— lovers 
as they were of theory emd mysticism, extolled the 
experimental method by which they hoped to seoum 
wealth and the extension of life. Modem experi- 
ments science may be considered as the ontoome of 
one of the oontroversies between two factions of the 
former* combined with the overthrow of the noethods 
of the latter. A disouBsion arose between the plenisto* 
or OarteaianB* who denied the possibility of a vacuum* 
mid the Vaouists* who maintained that there was no 
reason why a vacuum should not exist. Hubert 
Bgyle* bom in 1626* ‘‘ son of the Earl of Cork, and 
father of modem cheoDoistTy,” flourished’ at the 
time of the plenist controversy* and the problem , 
at^aoted him to physical science* especially the 
study of the properties of air. In 1668 he oonstnioted 
the pneumatiem machine — pu pump — ^whioh was 
destined to be of primary ismortance in many of 
his subsequent experimente. original aim being 
to obtain a vacuum* he made with its aid some 
Bigniflcant discoveries. He demonstrated air pressure* 
and elucidated the volume pressure relations of gases. 
His law — viz., that, at a constant temperature* the 
volume of a given quantity of gas varies invers^ as 
the pressqre — ^was redisooveied independently a few 
years later by Muniotte* a Erenchman. Boyle’s 
epeoulationB on the obemioal nature of au* founded on ■ 
many observations, including the gain in weight of' 
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metals on oaloination, oontxibuted to the advance of 
knowledge in his time* bul^ the difficulty of pioneer 
work on an invisible and almost intangible medium 
limited such observationB to the phenomena of 
combustion and respiration, in 1661 appeared, 
anonymously, “ The Sceptical Ghemist,” a book which 
criticised the teckohing of the alchemiste and depre- 
wted their method of expression and the ambiguity 
of their doctrines. As t^ author of this production 
Boyle did much to sweep away the cobwebs of 
msreidoisnu He was an early member of the 
“Invisible College,” a body much attacked in its 
infancy for encouraging the investigation of Nature— 
. tl^ regarded by many as ra^ heresy — ^which 
eventually became our premier learned society, the 
'Hoyal Society of London. His researches were 
mainly on “ and thare is little doubt that he 
prepa^ the gases now known as hydrogen, carbon 
dioxide, and hydrogim .chloride ; - but he did not 
observe their oharaoteristio properties. Hih work, 
however, marked the beginning of a new era in 
natural philosophy, his doctrine i^owing that soientiflc 
advances were ina^ not by theory or practice alone, 
but by the application of both. 

The discoveries and teachings of a genius have not 
infrequently been over^iadow^ by those of a greater 
and better*known contemporary. This was the case 
with John l^yow, a medical practitioner of Bath^ 
who, in his experiments on air and his deductions 
the r efrom, was ahead of the workers of his time* He 
recognised the exist^ce of different kinds of gases in 
the air, and ^ prepared a gas — nitric oxide — ^by the 
action ai nitric acid ad iron. BEe observed its action 
I on air, but failed to see the analyticcd possibilities of 
the discoveiy. Boyle and Newton heB the field in 
natunJ philosophy, and ISflayow received little 
attention. Btephen B^es (1677—1761) prepared a 
i arge number of gaseis, but regarded them all as 
modiflcationB of air, and felled to Twtka rise of the' 
fents he accumulated. When, ho't^ver, Joseph 
.Blank (172^1796) discovered carbon dioxide, .imd' 
Dani^ (1749-1619) isolated nitrogen, both 
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realiaed tiiat these gases were distinot in their nature 
from air. 

Thm followed the epoch-making discovery of 
oxyg^ by Joseph Fii^ey and Oarl 'Wilhelm 
Soheele, a Swedish chemist, working independently. 
ilMestley also invented the eudiometer. Henry 
Ckkvend^h (1731-1810) made the first analysis of air, 
deids^ the eleotrio spark method of oombining 
nitrogen and oxygen, thus la 3 dng the foundation of 
a very modem industry, and determined the com-v 
position of nitric acid. Cavendish proved the 
compound nature of water; determined its quanti- 
titainve composition, and also examined thoroughly 
the fixed air — carbon dioxide— of Black. ^ 

All these eighteenth century investigators express^ 
their views on the action of air and combustion in 
terms of the phlogistic theory of Becher and Stahl, 
and it remained for Antoine-Laureht Lavoisier, the 
French savant, who fell a victim to the guillotine in 
1794, to free them from this incubus and to develop 
the new theory wherein oxygen was assigned ito 
proper rdZe as a constituent of air and a supporter of 
combustion. 

Thus the composition of air — as a mixture of oxy^n ; 
and nitrogen with small quantities of carbon dioxide^ 
and water vapour — and tl^ explanation of the nature 
of combustion were gradual^ established. To these 
early workers, emd especially to Priestley, Ckkvendish, 
and lavoisier, oheixu^ science and industry owe an 
irredeemable debt. Out of chaos they produced 
order, and paved the way for the work of Aypgadjro, 
dark Maxwell, and dauMus. No new essential 
constituents of air were (hsoovered until the last 
deoa^ of the nineteenth century, when Baylei^ and ^ 
Bamsay, as an outcome of the measurements, by the ! 
former, of the density of nitrogen from various souroes, 
inoludkig atrnospherio, discovereid five hew chemically 
inert gases — Argon (without energy). Neon (new),,< 
TTelium (Sun), E!r;^ton (hidden), and Xenon- 
(Btran^)-^o compounds containing these elements ' 
being as yet knovm. 

Sydrogen, — ^The discovery of hydrogen ia usually 
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attributed . to Paraoelsus, a Swiss physioian uid 
oliemist — ^fifteenth to si^eentii centiuy. Its ex- 
plosive properties known to Lemery about 1700, 
out it was not until seventy or eighty years later 
that Cavendish demonstrated the individuality 
of the gas, and showed its relation to water. It is 
prepared in the laboratory by the action of a metal 
such as .zino or iron on dilute sulphuric add, thia being, 
in fact, the method by which it was first discovered, 
and it is obtained in a much purer state, when neces- 
sary, by the eleqteolysis of banum hydroxide. Tia(^ 
of oxygen are rdnoved by passage over hot copper 
< ebavings or platinised asbestos, the iagiiing gas being 
dided by means of calcium chloride, or of phosphorus 
pentoxL^. 

The properties of hydrogen bear no resemblance 
to those of any othw element. It is colourless, 
odourless, tasteless, specifically lighter than any other 
known substance, -very sparing^ soluble in water, and 
capable of forming explosive mixtures with air or 
oxygen, with chlorine and fluorine. It has also 
the property, in the presence of finely-divided 
^naetalLU} nici^l, of combining with certain bodies 
that are chemically \msaturated. Its density is 
less than one-fourteenth that of air, and its lig^toess 
and buoyancy render it of great val\ie for use in 
airships and beJloons. Provided that it is sufOcientiiy 
pure, the two main advantages over coal gas for this 
purpose are superior lifting power and the absence 
of deleterious efieot on the material of the envelope. 

As a oonstiti^t of ammonia, hydrogen has in 
recent years been largely used in Qennany in a process 
for the fixation of nitrogen, whereby the combination 
of the two .gases, under high pressure — up to 200 
atmospheres — at a temperatiire of 600 deg. Cent., 
is efleoted by the action of certain catalytic agents, 
such as osmium, uranium, iron, mwganese, or 
. tungsten. GDhe efficiency of the oat^ysts is enhanced 
by oert^ compounds erf the alkali or alkalme earth 
in^t^ ; but catalyst ** poisons ” also exist, wd th^ 
lure* many and various. The gases must be freed 
from these substances, the most obnoxious of which 
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are ooxnpounda of sulphTir and iihe hydrides of eurseoio 
and phosphorus, ammonia is sepcurated by ' 

lique&iotionf produced by strong; ooolmg, or, in ' 
oeriiain oases, by solution in water. This process 
was devised by Haber, is worked by the Badisohe 
Anilin und Soda 'Fabiik, and promises to become 
one of the chief methods of producing nitrogen. It 
need not stop at this stage, however, for throng the 
work of Ostwsid a mixture of air and anunonia gas, 
under proper conditions, with platinum, as catalyst,' 
yidds nitrio acid, and the process may be developed 
by proper regulation to yield ammonium nitrate, a 
Bubstai^ of high vxdue as a fertiliser. 

The third important use of hydrogen is; as we have' 
observed in a previous article, in the hardenii^ of 
fate, by direct action in the presence of finely-divided 
metallic nickel. According to the method of Sabatier 
and Senderens certain fine ohemicalB are now made by 
the nickel method of hydrogenation, and this also, 
is likely to find extended application in industry, , 

With these developments it has become necessary 
to find means of produdng hydrogen in large quan- 
tities at low cost. Owing to the expense ol raw ■ 
materials, and the difficulty of securing a convenient 
cycle of operations whereby the starting materials . 
may be recovered, prodxiotion by the action of metals' 
on acd^ is not to much extent carried out on the 
works scale, though the method may ocoasionally 
be used for milita^ purposes. Many patents have 
been taken out for the manufacture, and we will 
refer to some of the more important of them : — 
(1) By the action of steam on jrad hot iron, iron 
osdde is formed, and hydrogen is set free. It is 
then purified from dust, sulphur compounds, carbon 
dioxide, Asc., by suitable scrubbing tr^tment. 
The iron oidde is ^uced when necessary by replacing 
the current of steam by one of water-gas; the residue 
from reaction being a source of nitrogen — 
Messeisol^tt . pi^ocess. (2) By free^ waterrgu 
from carbon dioxide, by means of lime, or oaurtio,i 
soda, and subjecting the residue to the esctreme cold' 
produced by boiling liquid air, nitrogen and carbon 
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znonozida are liquefied, leaving the hydrogen in the 
gaseous state — ^Linde-Frank-jl^o process. (3) By 
the electrolysis oT^he chlori^ or hydroxide of an 
V alkali. (4) The decomposition of acetylene— prepared 
from calcium carbide and water — ^by hating 
electrically. Hydrogen is prepared for Zeppelins 
by this method, which yields also a valuable by* 
product in the form of fine lampblack. (6) The gas 
- is also produced by a number of other patent methods, 
mainly useful for military purposes. ''Hydrolith is 
ccdcium hydride, prepared by the action of hydrogen 
on calcium in ^e electric furnace, and on con^t 
with water yields double the volume of hydrogen 
originally expended in preparing it. Hyc^genite 
is a mixture of five parts of fwosihoon, four pc^ of 
slaked lime, and twelve parts ^ caustic soda. 'When 
heated locedly a reaction takes place, and spread 
throu^out mass with evolution of hydrogen. 
>,Both of these processes. are due to Jaubert. 

. \ ' Oxygetit discovered by Priestley and Sche^, and 
named by Lavoisier, occupies about one-fif^ of 
^ the volume of the atmosph^, and its properties as 
a suppcmter of life and combustion render it one of 
the most importcmt of the elements.. It is also the 
most abund^t, representing about half the weight 
of the solid crust of the ecurth, and roughly eight- 
ninths of the water. It can be prepared in the labora- 
tory by heating chlorate of potash either alone or 
wi^ manganese dioxide, by action of sulphuric 
acid on bichromates or permanganates, or by the 
^ electrolysis of dilute sulphurio acid, or of solutions 
of alkalies. On a commercial scale, Brin’s, process of 
- heating barium monoxide — ^the analogue of lime — 
,m diy, purified air to about 700 deg. Oent. under 
\l01b. preEeure, for long held the fie^ The oxide 
stakes up o xyg en, forming barium peroxide; the 

nitrogen is then pumped off, pressure being reused 

.fo about 2 1b. ‘Under these conditions the peroxide 
gives up its excess of o^gen, which in turn is pumped 
.off and compresrcd into cylinders, reforming the 
monoxide, which is available again for the sarry^ cycle 
of changes. The method, however, has now be^ 
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largely replaced by the liqtiid air process, which 
depends for its utility on the ease with 'which air can 
be liquefied by the melhod of self-intensive cooling 
introduced on the Continent by Unde and into 
England by Hampson. Advantage is taken of the 
that a compressed gas cools on expansion. Air 
is compressed through a spiral, and allowed to escape 
from a jet. On issuing it is cooled, and in turn 
cools the air in the spir^ by external contact. Thus 
the issuing gas becomes increasingly colder, until 
finally it issuM from the jet in the liquid form. Uquid'^ 
oxygen and liquid nitrogen boil at different tempera- 
tures, so that if the liquid air is fractionated the two 
gases can be obtained in a fair state of purity. 

Oxygen finds application in medicine, in the 
chemioi^ laboratory, emd in the production of high 
temperatures, such as are obtained by feeding* 
acetylene, hydrogen, and coal gas flames with the 
gas. Oxy-acetprlwe cutting and wdding, oxy- 
hydrogen meltmg, including platinum working, t^ 
autogenous solde^g of lead, and the use of lime- 
lighty ell depend on the produ^on of an intensely hot 
oxygen-fed flame. 

Osm» is a colourless gas, condensable in liquid air 
to a deep blue xinstable liquid. Van Marum, m 1786, ^ 
and Schdnbein, in 1840, observed a peculiar smell 
in ^ nei^bourhood of deotrical machines in 
motion, and the latter found that it was due to a 
gas, which he named and found other means of 
producing. Andrews, in 1866, ^owed that the 
^ contained oxygen only, and Soret, in 1866, proved 
its composition, which is represented by the formula 
O,. It is prepared by the action of a silent electric ' 
.discharge on air or oxygen, a omrent of which is 
passed through a special apparatus called an ozoniser. 
The fi^ of these was devised by Siemens in 1857, c. 
and since that date numerous patents, founded ' 
much on the same principle, have been recorded. 

. The commercial preparal^a resembles that on 
the small scale. pure su^tance is not obtained 
in either case; not more than 26 per cent, of the 
oxygen is trausformed into ozone under the best 
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oonditioilB. The produot is used in the sterilisation, 
of. \eater and to a less extent of certain foods. 

Acetylene was discovered in 1836 by Edmund Davy, 
Professor at the Royal Dublin Society, during an 
attempt to isolate potassium by heathig calcined 
tartar with carbon. He obtained a black mass, 
which in contact with water gave rise to an inflam- 
mable gas, and he suggested that if a cheap method 
couiLd ^ found for preparing it, the gas might . weU 
be used as an flluminant. Its development as on 
industrial commodity was not realised until over fifty 
years later, but Ih the meantime several fcunous 
names came into the literature of the subject, includ- 
ing Hare, Berthelot, W5hler, ElekulS, Vohl, and Sir 
James Dewar. unknowingly made calcium 

carbide, and from it acetylene, by the action of 
water. Berthelot prepared metcdlio acetylides, and 
produced CMetylene eleotriccdly from methane and 
also from carbon and hydrogen. WolUer mada 
calcium carbide by heating an alloy of g^inn and 
caldum to a high temperature with carbon. Eekul6 
prepared acetylene by the electrolysis of ihe salts of 
dib^o unsaturated organic acids. Yobl obtained 
the gas by pas^g oils t&oug^ red hot tubra, thereby 
laying the foimdation of our modem oil-cracking 
processes. From American petroleum he obtained 
a gas containing 20 per cent, of acetylene. Dewar., 
obtained acetylene by passing hydrogen throu gh 
tubes made of r^prt carbon heated to whi’^Sness by 
means of an electric current. 

Acetylene is used, cus we have already mentioned, 
in one of the processes for matring hydrogen ; m 
an illuminant in isolated dwellings, ftrid ip motor 
and Inoyde lamps. It is invariably prepared by 
the action of water on calcium carbide, which comes 
on the market in the form of grey lumps, the produot 
of heating hme with carbon in the electric furnace. 
The gas owes its position as an industrial produot to 
the development of the electric furnace by Siemens, 
Oowles, and Hpisson; but tdie. credit 
.for the realisation of the possibility of . producu^ 
calcium carbicte on a Qoupnerojal hAlftnga to 




TO CHEMICAL SCIENCE 


ISl 


Willson, an Amerioan. In 1886, Cowles introduced 
a furnace lining consisting of a. mixture of lime and 
cubon, and produced calcium carbide by the acci- 
dental overheating of this lining. No attempt was 
then made to utilise the discovery; but, in 1802, 
Willson,' while working at Spray, with the object 
of reducing lime to obtain calcium for the reduction 
of alumina, prepared large quantities of the carbide, 
and, realising the potenti^^s of the substance, set 
up a works for its production. 

Nitrogen, which forms about four-fifths of the air, 
is produced by the methods we 'have already indi- 
cated,* especi^y the linde-Hampson process, a^id 
is u^ied in the synthetia preparation of ' ammonia, apd 
of cyanamide and cyanide^, from calcium and 
barium carbides respectively. 

OTikmne, discovered by Scheele in 1774,. and pro- 
nounced an element by Davy in 1810, is a h^vy 
yellow poisonous gas of an extremely irritating 
odour. It is largely used in the sterilisation of water 
end m gold extraction, has been employed as 
poison gas dming the war. It is prepared by the 
action of manganese dioxide on hydrochloric add, 
the -oxide being recovered by the Weldon process. 
It may be converted into bleaching powder, throu^^ 
its absorption by lime, or liq-oefied by cold and pres-,, 
sure and stored in sted (flinders. 

Oarbon Dioxide, or carbonic acid gas, a -waste 
product of the brewery, is used for aerating 'beer and 
mineral waters, and is sofnetlmes employed as a 
firaezing aghnt. ^ 

Carton/^ OJdoride, or phosgene, prepared by the 
interaction 'of chlorine and oarbon monoxide in the . 
presence of animal oharcoed, or of antimony penta- i 
chloride, or by the action of fuming sulphuric' add 
on oarbon tetrachloride, is used in the manufacture 
of dy^, and has also been employed as a poison 

XidugJuing Qaa, or nitrous oxide, is made by hea^g 
ammonium nitF&te. It -was discovered by KieBtLey 
in 1772, and is -used as an aneesthetio in dentistry. 


* Befer to Agriculture and Hydrogen. 

' K 


/ 





132 


WHAT INDUSTRY OWES 


We do not need to dilate on the relation between 
Boienoe and these produets which axe so obviously 
Eoientifie in their oonoeption, elucidation and deve- 
lopment. 
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Qeastbb XIX. 

GOVEENMBITT CHEMISTBY. 

Ik the article dealing with Agriculture and Food, 
we have referred to the ofBcitd ag^ultund ancdysta 
and public an^ysts, who are appointed under etatutea 
to a^eguard the quality of auppliea of fertiliaers and ; 
feeding stufGa, food and drugs ; and we will now refer 
to oiher ofdcial oheznista directly or indirectly 
concerned with industry. 

Ih 1848 a laboratoiy was eatabliched at Bomeraet 
House, in connection with the Inland Bevenue 
Departacnent, to check adultentdpn of tobcujco, and 
later a second laboratory was estabhahed at the 
Oustozn Hoiise for the examination of wjnes, spirit^ 
and other imported articles liable to duty. In 1894 
the control of these laboratories was entrusted to 
one Principal, and in 1897 the Hccise Branch was 
transferred^ a new building at 01ement*B Inn-passage. 
In 1911 1^ Government laboratory coxistituted 
an independent department under the Treasury, with 
a separate Parliamentary Vote, entitled “ Govemn^t 
Ohemist.” The Laboratory undertakes investiga- 
tiona for every other Government Department, the 
greater part being cairied out at Olenoent's Inn" 
passage, and in the branch laboratory at the Custom 
House. The Government. Chemist also ' consols 
stations in difierent parts of the TTnit^ 
ipriTigdhm, where tests are made for revenue purposes. 
From a recent r^ort, we gather that the work for the 
Department of Oi^oms and E x cise relates, mainly^ 
to the assessment of duty and drawback, arid to regula- 
tions and licences, in connection with the n a anufa cture 
of dutiable articles,, such as beer^ spirita,' 
wine, tobacco, tea, sugar, ooftee, cocoa, and prepaia* 
tions adverriwd for the cure or relief of human 

.. K 2 
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ailinGnts-— commonly oallod “ patent medieuios.*’ 
The work ior the Admiralty iiiolucles tho examination 
of food BubBtanoos, tho analysis of metals and of 
oontraot Btorea ; that for tlio Board of Agriculture 
and Eisheriea refers largely to imported dairy produce 
and xnargarine, and inoludea—for the Fisheries 
Division — sampies of river water believed to have 
been polluted and to have oausod injury to fish, as 
well as the determination of the salinities of stunplos 
of sea water for the Permanent International Council 
for Exploration of the Sea. Bamides of beor and 
whiskey are examined for tho Central Control B^rd 
(Liquor Traffic); and of driigs, pharmacouticals 
and contract supplies for the Oiown Agents for the 
Colonies. Fire>olay and limestone from various 
districts are exmnined for the Geological Survey ; 
lead glazes and enamels for the Home-office ; drug^ 
for the India-office, Sind stamps and inks ior the 
Board of Inland l^venue. Investigations on pre- 
servatives in food are carried put for the Local 
Government Board ; and on paper, pignaents, gum, 
' engineering and general stores for the Post-office ; 
ink and t;^ewritOT ribbons for the Stationery-offi(» ; 
lighthouse stores for the Corporation of Trinity 
House ; lime and lemon juice and ship’s stores for the 
Board of Trade ; food supplies for the Army, drugs 
and surgioal dressings, for Army Medical Depart- 
ment, for the War-office ; samples of varied character 
for the War Trade Department ; samples of water for 
the Office of Woods and Forests; of contractors’ 
supplies and of water for the Offlioes of Works — 
London and Dublin ; and samples referred by the 
' magistrates under HbB Bede of Food and Drugs Acts 
1875 and 1899, and submitted by the Board oj 
'' Agriculture, under the Fertilisers and Feeding Stuffi 
Act. The total number of samples examined during 
the year ended March 31st, 1916, was 388,892. Ttu 
work has obviously an important bearing on industry 
.{,and commerce, and entoOs the employment of i 
f large teohnical staffi of which many members ar 
' leqhired to be hi^y trained and competent ohutniste 
As illustrating the value of their work, we may refe 
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to the examination of food for the armies in the fiel d 
during the vmr, work rasen^ial in the interests both 
of the health of the troops and of the Exchequer. 
The food must be wholesome ; but the fiindinga of the 
chemists will determine the cash value of the supplies : 
a deviation of, say, 1 or 2 per cent, of moisture in 
flour, biscuits or margarine, may involve a reduction 
of hundreds of pounds on a sin|^ oontraot. 

Although the Government Laboratory constantly \ 
advises other departments, some possess their own 
laboratories for special purposes. The Admir^ty has 
a staS under the Admircdty Chemist, and ^ploys 
chemists in oonnection with the examination of 
various materials of construction and victualling 
stores. The Admiralty has also its duly appoiinted 
Adviser on Petroleum, as well as officers .possessiag 
special soientiflo experience, and professors of 
chemistry in the Eoj^ Naval Cdlleges. The War- 
office, too, makes good use of dhmnists/in many 
matt^ arising out of ^e conditionB of moden^ war- 
fare, and instruction in chemistry is given »xa the 
Royal Ordnance College, the Royal Anny Medical 
College, the Royal lifilitary Academy, and other 
establifiiunents. Under the Ministry of Munitions, 
in addition to chemists engaged in an . advisory capa- 
city, there are consid^ble numbers in charge of the 
production of explosive in Government and con- 
trolled factories, and special s&fis are appointed 
for research and inspection w;ork. 

Offieied analysts ore appointed to the Home-offixse 
for toxioologio^ work, as well as in connection with 
the Explosives DOTartment and the Factory Depart- 
ment. The Local Government Board possesses -a 
Department for the inspection of food and a staff of 
specially qualified inspe^ors to assist in the adminis- • 
tration of the Alkali, &o.. Works Reg^tion Aof> 
The Metropolitan WatOT Board and the Rivers Boards 
in various parts of the country have their ohemioal 
and bacteriologioal laboratories, and so have the 
Sewage Boards and Works. The Scottish Office also . 
appoints inspectors ntidar the Alkali Act and Rivers , 
Pollution Prevention Aot. 
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The London Oonnty Oonnoil controls a consider* 
able staff for chenucal investigations, including gas 
testing, and the Board of Trade appoints the Gas 
Referees, in accordance with the Metropolis Qas 
Acts, to prescribe the apparatus and noateriala 
to be employed for testing the illuminating power, 
oalo^’fln power, purity and preireure of the gas, 
the mode of testing, and, in certain cases, the times 
of toting, the current prescriptions being published 
in the “ Notification of Gaa Referees.” Other county 
a,nH borou^ authorities twh-Tta provision for the inspec- 
tion of water and gas suppliea. Ohemists are also 
included in the stafi of the J?atent-o£Boe, and A^y^ 

' render responsible service in the Roy^ MTnt and 
at the Assay Ofi^s, as veell as for the Bank of 
England. 

' The Bdsntific and Teohnioal Department of the 
Imperial Xostitute conducts invesra^tions for the 
Inman and Oolonied Qovemments, chiefly relatin|; to 
the composition and utilisation of 
The National Physical Labmatory includes a Depart- 
ment of Metallurgy and Metallurgioal Chemistry. 
Laboratories ''are attached to many public Institu- 
tions, such as the Davy-Faraday Reseaa^ Laboratory 
of the Royed Institution, and those of Ihe Lister 
Institute and the Roy^ Dublin Society. 

- The existence of extent 'of ofiSci^ organisation 
, .in chemistry is little known to the gene^ public, 
- but it is obviously indispensable to the well-being 
of the community. The personnel of our chemical 
service includes many men of science of high repute 
in their profusions who deserve well of their country, 
and it is essenticd that the conditions attoching to 
this service abmdd be such ihat it will continue to 
attract ohemists of the hig^st competence. We have 
endeavoured to m*!*^** this list fairly > comprehensive, 
but have not referred to Tnilift and the Overseas 
‘ Dominions, where many chemists hold appointnmnts 
.analogous to those we have indicated ; nor have we 
referred to the vcduable work carried out by analysts 
in hospiteda and public health laboratories, or the 
appointments held in the Universitiee and Technical 
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Oolleges, to whioh we look for the oontinued supply 
of lieutoiaiats to meet our requirements in the vairiouB 
branohea of ohemiool praoti^. 
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CONCLUSION. 

WhUiB we have conflixed our attention mainly to 
the debts of industry to ohemical soienoe, we do not 
suggest that those due to physical and mechanical 
science should not be similarly acknowledged. 

The art of engineering has been steadily built up 
t.Tir migTi thfl ages, but modeonx developments arei 
in t he main, directly attributable to the advance 
of science. In chemical industries, how;ever, the 
prbcesses of manufacture, in many cases, preceded 
the discovery of the soientiflo principles on which they 
were based. The ironmaster, the dyer, the soap 
’ nftndlA maker, the tenner, the potter, cmd the 
'"’glass manufacturer, were • in existence centuries 
before serioxis attention was paid to the soienoe under- 
lying their work. Conventions die hard, and for 
• a long time there was Uttle enthu s ias m to taJke advan- 
tage of what soienoe had to offer. It is freely admitted 
that the state of civilisation attained b^ore the advent 
of modem science \ms far removed from the conditions 
of life of primitive Tnan ; but it is claimed that 
while soienoe was so little developed, indirstry had 
to look to e^erienoe as the only .buds to work upon. 
Experience, accumulated slowly and at great cost, 
. had done great things ; but the rate of progress 
in industry developed in the past century defies 
- comparison with all the centuries combing since 
t.iTnA -was — BO ter as we know I, Still, let us admit that 
the inheritance was great, and that even the alchemist 
preserved much that was ^od in ohexoistry, just 
as the monks of tlxe Middle Ages preserved much 
that was good in olassioal literature and architecture. 
We have endeavoured to indicate the mterdependenoe 
of soienoe and industry on one another, and to show 
,how frequently soienoe — “ the nursling of interest 
i and t^ dau^ter of curiosity ” — ^pursued for l)er 
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owa sake, has sooner or later proved her practioal 
-utility. Inoidentally we have idiowa that -thoxii^ 

" Genius is of no country/' British men of science, 
often in the face of small encouragement, have played 
-their part in industrial devdopment. is 

no reason to depreciate the -value of their work, or to 
pay much attention to the Jeremiahs who seem to 
dehg^t in bemoaning the industrial and commercial 
position of this coxmtry but are seldom able to offer 
any constructive criticism. 

Ad-vancement may be the outcome of the labours of 
the consultant, the chemist on the works, the ofEUnal 
chemist, or the professor ; all ha-ve contented their 
share to discovery cmd invention. In any case, it is 
certain that our industries have utilised their Imow- 
ledge, skill and experience to a greater extent than' 
has been generally recognised ; otherwise much that, 
has been done in tlus last three years would have been 
impossible, and our position would have been far worse 
thw It is. 

We feel that the apathy towards science prevailing 
before the war was more imaginary than real and, 
such as it was, is being overcome ; that the general 
public is beginning to realise something of the 
importance of science in 11x0 aSairs of everyday life, 
and that the time is at hand when the services of ' 
the man of science will be better understood and 
consequently more substantially rewarded. The 
men of edenoe thsmselveB are increasing in number 
and influence ; their work lies more and nxore in the 
control of large scde operations, as well as in the 
laboratory, ^e time has passed when men feared 
to probe into the truth as U it were sacrilege, or to 
imagine things beyond oerteun knowledge and estab- 
IMied fact, or to explore into realms of not only the 
improbable but the seemin^y impossible, whence so 
much, with the edd of science, has been and is to 
be derived. 

To-day, the arts and sciences go hand in hand : 
the engineer and the chemist, ea^ recognising the 
limitB of his own domain, thou£^ the line di-viding them 
may often be difficult to deffiie, co-operate -with one 
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«.Tint.Tiftr and mutoAlly assist in the solution of indus> 
trial problezoB’ Now is the tune for leaders of indue* 
try to see to it that the opportunity is taken of malring 
good, wherever possible, the oonneoting link between 
fwy ienftft and praotioe. A thorou^ overhauling of 
u etbods and plant should keep our oonsulting 
oheznists and engineers well employed in prepcuration 
for the future. There is no la^ of good men, and 
soon there will be enough and to spare for permanent 
appointments on the works. 

If in these artioles we have been suooessful in 
Bome of the triumphs of soienoe in industry, 
and iC our eftorts have in any way oonduoed to a bettw 
realisation of the value of soientifio thought and 
method, we may rest satisfied that otir labour has not 
been in vain. 
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